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Description 

The present mvention relates to 5-substituted amino-4-hydroxy-pentanoic acid derivatives useful in the 
pharmaceutical field. More particularly, the present invention relates to renin inhibitors expected to be useful 

5 as hypotensive drugs, a process for their production and their use as well as optically active amino alcohol 
derivatives useful as intermediates for the renin inhibitors and a process for their production. 

A renin-angiotensin system is one of hypertensive systems in the living body, and it is an important 
system for regulating the blood pressure-body fluid electrolyte. Renin is secreted from renal juxtaglomerular 
cells and enters into the whole txxJy circulation system via the renal vein. In the blood, there exists 

70 angiotensinogen which is a glycoprotein produced in the liver. Renin reacts on anglotensinogen to form 
angiotensin I. Most of angiotensin I will be converted to angiotensin II by angiotensin l-converting enzyme 
which is present in the pulmonary vascular cells in one cycle of pulmonary circulation. Angiotensin II thus 
formed directly induces contraction of smooth muscles of peripheral blood vessels and thus shows a strong 
hypertensive activity. It further acts on the adrenal cortex to induce secretion of aldosterone, which in turn 

J 5 acts on the renal to facilitate reabsorption of sodium, whereby the effective circulatory blood flow increases, 
the heart rate increases and the peripheral vascular resistance increases so that the blood pressure 
increases. 

H is known that hypertension will be brought atout if this renin-angiotensin system progresses 
abnormally. Fipical examples are renal vascular hypertension and malignant hypertension. Further, as a rare 

20 case, hypertension caused by a renin producing tumor is known. 

For the treatment of the hypertension due to the progress of the renin-angiotensin system, inhibitors 
against the angiotensin l-converting enzyme have been studied, developed and subjected to clinical tests. 
However, such inhibitors are suspected to have side effects, since the substrate specificity of the 
angiotensin l-converting enzyme is broad to some extent and there exist some enzymes similar to the 

25 angiotensin l-converting enzyme in the living body. On the other hand, it is known that renin has a strict 
substrate specificity. Accordingly, an inhibitor against renin has a strong specificity and can be a superior 
hypotensive drug. For this reason, the research on renin inhibitors has been very active, and a number of 
renin inhibitors have been proposed, which may be classified into tfie following four categories. 

30 1. Substrate analogue peptide 

This has been attempted from the longest ago. and the change of amino acids in the renin substrate or 
the conversion of the L-amino acid to the D-amino acid has been proposed (Proc. Natl. Acad. Sci, USA. Vol. 
77, p. 5476-5479 <1980). Biochem. Biophys. Res. Commun.. Vol. 97. p. 230-235 (1980), Federation Proc.. 
35 Vol. 42. p, 3155-3161 (1983). and Japanese Unexamined Patent Publication No. 10597/1986). 

2. Statin or statin derivative-containing peptide 

Statin is an uncommon amino acid contained in pepstatin which is a natural renin inhibitor produced by 
40 microorganisms (J. Antiblot, Vol. 23. p. 259-262 (1970). and Science. Vol. 175, p. 656 (1971)) and believed 

to play an important role for the development of the renin-inhibiting activity of pepstatin. A number of 

substrate analogue peptides of this statin have been syntt>esi2ed (J. Med. Chem., Vol. 23, p. 27-33 (1980), 

Nature. Vol. 303. p. 81-84 (1983), J. Med. Chem., Vol. 28, p. 1553-1555 (1985). J. Cardiovasc. Pharmacol,. 

Vol. 7 (Suppl. 4). p. s58-s61 (1985), J. Med. Chem.. Vol. 28. p 1779-1790 (1985). Hypertension. Vol. 8. p.ll-1 
45 to 11-5 (1986), J. Med. Chem.. Vol. 29. p. 2080-2087 (1986). J. Med. Chem.. Vol. 29. p. 1152-1159 (1986), 

and Japanese Unexamined Patent Publications No. 89649/1984. No. 56194/1986, No. 186397/1986. No. 

186398/1986. No. 29596/1987, No. 70349/1987. No. 163899/1985. No. 78795/1986. No. 152697/1986. No. 

280459/1986, No. 275256/1986. No. 275257/1986. No. 275258/1986. No. 110661/1984. No. 252495/1985. 

No. 130257/1984. No. 90536/1983. No. 90539/1983, 105949/1983. No. 155345/1984. No. 34991/1985. No. 
50 218398/1985, No. 218400/1985. No. 231695/1985. No. 243098/1985. No. 96/1986. No. 293957/1986. No. 

100594/1986. No. 229851/1986 and No. 194097/1986). 

3. Pseudo peptide having the splitting site of the substrate modified 

55 A numtrer of proposals have been made to modify the peptide bond at the site susceptible to 
hydrolysis in order to convert it to a bonding mode which is hardly susceptible to the hydrolysis and which 
is yet as close as the peptide bond. 
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1) Hydroxyethylene type (Hypertension. Vol. 3, p.13-18 (1985), Hypertension. Vol. 8. p. 1105-1112 (1986) 
and Japanese Unexamined Patent Publications No. 63641/1986. No. 136594/1985. No. 122296/1986. No. 
53952/1987. No. 59846/1982. No, 50415/1985 and No. 293957/1986) 

2) Methylene amino type (cartonyl reduction type) (Nature. Vol. 299, p. 555-557 (1982), Biochem. 
Biophys. Res. Commun.. Vol. 139, p. 982-990 (1986). and Japanese Unexamined Patent Publications No. 
500415/1985 and No. 59846/1982) 

3) Phosphinlcomethytene type (Japanese Unexamined Patent Publications No. 33197/1987 and No. 
26288/1987) 

4) Olefin type (J. Med. Chem.. VoL 27. p. 1351-1354 (1984)) 

5) Retro-inverso amide type (Japanese Unexamined Patent Publications No. 231055/1984 and No. 
231056/1984) 

4. Others 

Various inhibitors have been prepared by modifying those belonging to the above category 3. 

1) Aldehyde type (Biochem. Biophys. Res. Commun., Vol. 118. p. 929-933 (1984). Hypertension. Vol. 7 
(Suppl. I), p. 1-8 to 1-11 (1985). FEBS Lett.. Vol. 167. p. 273-276 (1984). Japanese Unexamined Patent 
Publications No. 100595/1986, No. 137896/1986. No. 148167/1986 and No. 227851/1984 and Japanese 
Examined Patent Publication No. 39149/1983) 

2) Glycol or thioglycol type (Biochem. Biophys. Res. Ctommun.. Vol. 132. p. 155-161 (1985). Biochem. 
Biophys. Res. Commun., Vol. 143. p. 44-51 (1987), and Japanese Unexamined Patent Publications No. 
33152/1986, No. 200970/1986, No. 33141/1987 and No. 263998/1986) 

3) Norstatin type (J. Med. Chem.. Vol. 25. p. 605-610 (1982), Europ. J. Pharmacol,, Vol. 129. p. 393-396 
(1986) and Japanese Unexamined Patent Publications No. 176573/1986. No. 186366/1986, No. 
236770/1986. No. 4286/1987, No. 33156/1987. No. 56458/1987 and No. 163899/1985) 

4) Hydroxyethyleneamino type (Biochem. Biophys. Res. Ck)mmun., Vol. 134. p. 71-77 (1986) and 
Japanese Unexamined Patent Publications No. 200970/1986. 118352/1986. No. 137897/1986, No. 
136595/1985 and No. 33141/1987) 

Among the above publications, Japanese Unexamined PCT Publication No. 500415/1985 and Japanese 
Unexamined Patent Publication No. 122296/1986 disclose compounds having a homostatin structure 
represented by the following formula: 

HO H 

CHa \' o^-posi tiorr . 

COOH (III) 
(homostatin) 



Japanese Unexamined PCT Publication No. 500415/1985 discloses compound having a homostatin 
structure. Further, this publication discloses a compound having as substituent at the a-position of 
homostatin a group of the formula -(CH2)m-0H (m = 0-2). In this case, the 7-position of homostatin is 
CH2-" and Is not 



HO H 




Thus, Japanese Unexamined PCT Publication No. 500415/1985 does not disclose a compound having a 
lower alkyl. cycloalkyi, cycloalkylalkyi or aralkyi group which is substituted by one or two hydroxyl groups at 
the a-position of homostatin according to the present invention. 

On the other hand. Japanese Unexamined Patent Publication No. 122296/1986 discloses as a substitu- 
ent at the cr-positton of homostatin a lower alkyl group having at least two carbon atoms, a hydroxy-lower 
alkyl group which may be esterified or etherified, a cycloalkyi group, a cycloalkyl-lower alkyl group, a 
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bicycloalkyi group, a bicycloalkyl-lower alkyi group, a tricycloalkyl group, a tricycloalkyl-lower alkyi group, 
an aryi group, an aryl-lower alkyi group, a carbamoyl group which may be substituted, a hydroxy I group 
which may be substituted or a mercapto group which may be substituted. However, both publications are 
based on the concept of the pseudo peptide having a splitting site of the substrate modified, and a 
substrate analogue amino acid side chain is sought as the substituent. Accordingly, there is no specific 
disclosure with respect to a tower alkyi group substituted by a hydroxyl group or a substituent substituted 
by a hydroxyl group. Likewise, there is no teaching or suggestion that excellent renin inhibiting activities 
can be obtained by the substitution with a hydroxyl group. 

On the other hand, for the production of a statin derivative, it is known to obtain an optically highly pure 
statin derivative by the optical resolution of a mixture of diastereomers obtained by extending the cart>on 
chain of a L-leucine as the starting material (Journal of Organic Chemistry, Vol. 43, p. 3624-3626 (1978), 
Japanese Unexamined Patent Publication No. 130257/1984 and Japanese Unexamined POT Publication No. 
500415/1985). However, such optical resolution is not advantageous from the industrial point of view. 

it is therefore an object of the present invention to produce statin derivatives without using optical 
resolution, and to provide compounds which have excellent renin inhibiting activities and which are thus 
expected to be useful as hypotensive drugs. 

The present inventors have paid attention to the statin moiety which plays an importatnt role for the 
development of the renin inhibiting activity of pepstatin and have synthesized various statin derivatives and 
studied the renin inhibiting activities of such derivatives. As a result, it has been found that a group of 
compounds represented by the formula I given hereinafter, wherein a substituent having one or two 
hydroxyl groups is introduced to the carbon atom at the a-position of homostatin as an analogue of statin, 
exhibit excellent renin inhibiting activities. Further, it has been found possible to produce statin derivatives 
with stereospedficity by using pepstatin as the starting material. In addition, novel amino alcohol derivatives 
represented by the formulas III and IV given hereinafter have t>een found useful as intermediates for the 
production of the compounds expected to be useful as renin inhibitors. The present invention has been 
accomplished on the basis of these discoveries. 

The present invention provides a 5-substituted amlno-4-hydroxy-penlanoic acid derivative having the 
formula: 



wherein is a hydrogen atom, a lower alkoxycarbonyl group, an arytoxycarbonyl group, an araJkyloxycar- 
bonyl group or a lower alkanoyl group which may be substituted by from one to three substituents selected 
from the group consisting of an amino group, a hydroxyl group, a carboxyl group, an aryloxy group, an 
aralkyloxycarbonylamino group, a lower aikoxycartxwiylamino group and a 



group wherein each of and which may be the same or different is a hydrogen atom, a lower alkyi 
group, an aryl group or an aralkyi group, or and form together with the adjacent nitrogen atom a 5- or 
6-membered heterocyclic group which may further contain a hetero atom selected from the group 
consisting of a nitrogen atom, an oxygen atom and a sulfur atom and which may further contain a double 
bond in its carbon chain, each of R^, R3 and R^ which may be the same or different is a hydrogen atom, a 
lower alkyi group or a residue of an acidic, neutral or basic amino acid, R* is a hydrogen atom or a kjwer 
alkyi group, R* is a tower alkyi. cyctoalkyi, cycloalkylalkyi or araikyi group which is substituted by one or 
two hydroxyl groups, R' is a hydroxyl group, a -OY group wherein Y is a tower alkyl group, an aryl group, 
an aralkyi group, a lower alkoxyalkyi group, a lower alkanoytoxyalkyi group, a tower aikoxycarbonyloxyalkyi 
group or a 1-phthalidyl group, or a 
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group wherein each of and which nnay be the same or different is a hydrogen atom, a lower alkyi 
group, an aryl group, an aralkyi group or a cyctoalkyi group, or and Y^ form together with the adjacent 
nitrogen atom a 5- or 6- membered heterocyclic group which may further contain a hetero atom selected 
from the group consisting of a nitrogen atom, an oxygen atom and a sulfur atom, and each of n and m 
which may be the same or different is 0 or 1 . 

According to the present invention, the pentanoic acid derivative of the formula I can be produced by a 
process which comprises reducing in an inert solvent a 5-substituted amino-4-hydroxy-pentenoic acid 
having the formula: 

rL_4NH-CH-C0^ tNH-CH-COhrN-^CH-CH-CH=C-CO-R^ ( II ) 



-CH-COf^NH-CH-CO N-^CH-CH-CH=C-< 



wherein m, n, R\ R^, R3, R*, Rs, and R^ are as defined atwve. 

The present invention also provides a hyp>otensive drug which comprises an effective amount of the 
25 pentanoic acid derivative of the formula I and a pharmaceutically acceptable carrier. 

Further, the present invention provides an optically active substituted amino alcohol derivative having 
the formula: 



\ <S) (R) 

,N — CH — CH — CHO 



CHj OR 



CH3 CH3 

wherein each of R* and R^ which may l>e the same or different is a hydrogen atom, an acyl group or an 
amino-protecting group, R^° is a hydrogen atom or a hydroxyl-protecting group, or and R^ together form 
a bivalent amirK>-protecting group, or R^ and R'° together fomn a carbonyl group or a 

^R^2 

50 group wherein each of R" and R^^ which may be the same or different is a hydrogen atom, a krwer alkyI 
group or an aryl group which may l>e substituted, or R" and R^^ together form a lower alkyiene group, 
provided that when R^ and R'° together form the 



-C- 

'ii \ 12 
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group, either R^' or R^^ ^ p^gy together form a single bond, and another optically active substituted 
amino alcohol derivative having the formula: 




IS wherein R^. R^ and R^° are as defined above. 

Furthermore, the present invention provides processes for the production of the optically active 
substituted amino alcohol derivatives of formulas III and IV. 

Now. the present invention will be described in detail with reference to the preferred embodiments. 
Firstly, the definitions of various tenms referred to in this specification and some specific examples 
20 falling within such terms will be given. 

The lower alkyi group may be a straight chain or branched alkyi group having from 1 to 6 carbon atoms 
such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl 
group, a sec-butyl group, a tert-butyl group, a pentyl group or a hexy! group. 

The aryl group may be an aryl group having from 6 to 10 cartx)n atoms such as a phenyl group, a 3- 
25 methylphenyl group, a 4-methylphenyl group, a 4-ethylphenyl group, a 4-propylphenyl group, a 2- 
hydroxyphenyl group, a 4-methoxyphenyl group, a 2.4-dimethoxyphenyl group, a 4-dtmethylaminophenyl 
group, a 2-nitrophenyl group, a 1-naphthyl group or a 2-naphthyl group. 

The araikyi group may be an aralkyt group having from 7 to 10 carbon atoms such as a benzyl group, a 
(l-naphthyl)nnethyl group, a (2-naphthyl)methyl group, a phenethyl group, a 3-phenyIpropyl group, a 2- 
30 methyl-2-phenylpropyl group or a 4-phenylbutyl group. 

The cycloalkyi group may be a cycloalkyi group having from 3 to 6 carbon atoms such as a cyclopropyl 
group, a cyclobutyl group, a cyclopentyl group or a cyclohexyl group. 

The lower alkoxycarbonylamino group may be a lower alkoxycarbonylamino group having from 2 to 7 
cartxjn atoms such as a methoxycartwnylamino group, an ethoxycarbonylamino group, a propoxycar- 
05 bonylamino group, an isopropoxycartwnylamino group, a butoxycart)onylamino group, an isobutoxycar- 
bonylamino group, a tert-butoxycartwnylamino group, a pentyloxycartjonylamino group or a hexyloxycar- 
bonylamino group. 

The aryloxycartxxiyl group may be an aryloxycartjonyl group having from 7 to 1 1 cartoon atoms such 

as a phenoxycartx)nyl group, a 4-methylphenyloxycarbonyl group, a 4-ethylphenyloxycarbonyl group, a 4- 
40 isopropylphenytoxycartwny! group, a 4-tert-butylphenyloxycartK5nyl group, a (l-naphthyl)oxycartx)nyl group 

or a (2-naphthyl)oxycarbonyl group. 

The aryloxy group may be an aryloxy group having from 6 to 10 carlxjn atoms such as a phenoxy 

group, a 4-methylphenyloxy group, a 4-ethylphenyk}xy group, a 4-isopropylphenyloxy group, a (1-naphthyl)- 

oxy group or a {2-naphthyl)oxy group. 
45 The aralkyloxycartwnyi group may be an aralkyloxycarbonyl group having from 8 to 12 cartxin atoms 

such as a benzyloxycarbonyl group, a phenethyloxycartwnyl group, a 3-phenylpropyk)xycarbonyl group, a 

4-phenylbutyloxycarbonyl group, a (1-naphthyl)methyloxycart>onyl group or a (2-naphthyl)- 

methyloxycarbonyl group. 

The aralkyloxycarbonylamino group may be an aralkyloxycarbonylamino group having from 7 to 12 
50 cartwn atoms such as a tjenzyloxycartjonylamino group, a phenethyloxycarbonylamino group, a 3-phenyl- 
propyloxycarbonylamino group, a 4-phenyIlxjtyloxycarbonylamino group. a (1-naphthyl)- 
methylQxycartx)nylamirK) group or a (2-naphthyl)methyloxycartx)nyiamino group. 

The tower alkoxycartxinyl group maybe a tower alkoxycartxjnyl group having from 2 to 7 carbon atoms 
such as a methoxycart>onyl group, an ethoxycartx)nyl group, a propoxycartxjnyl group, an isopropoxycar- 
55 tx)nyl group, a butoxycartwnyl group, a sec-butoxycarbonyl group, a tert-butoxycarbonyl group, a pentylox- 
ycarbonyl group or a hexyloxycartK>nyl group. 

The lower alkoxyalkyi group may be a lower alkoxyalkyi group having from 2 to 7 carbon atoms such as 
a methoxymethyl group, an ethoxymethyl group, a l-methoxyethyl group. 2-methoxyethyl group, a 1- 
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ethoxyethyl group, a 2-ethoxyethyl group, a propoxymethyl group, an isopropoxymethyl group, a butox- 
ymethyl group, an isobutoxymethyl group or a hexyloxymethyl group. 

The lower alkanoyloxyalkyi group may be a lower alkanoytoxyalkyi group having from 3 to 7 carbon 
atoms such as an acetoxymethyl group, a propionyloxymethyl group, a butylyloxymethyl group, an 
5 isobutylyloxymethyl group, a valeryloxymethyl group, a pivaloyioxymethyl group, a i-acetoxyethyl group, a 
2-acetoxyethyI group, a 1-butylyloxyethyl group, a 2-butylyloxyethyl group, a 1 -pivaloyloxyethyl group or a 
2-pivaloyloxy ethyl group. 

The lower alkoxycarbonyloxyaikyi group may be a kDwer alkyloxycarbonyloxyalkyi group having from 3 
to 9 carbon atoms such as a methoxycarbonyloxymethyl group, an ethoxycarbonyioxymethyl group, a 

10 propoxycartjonyloxymethyl group, an isopropoxycartxjnyloxymethyl group, a butoxycartwxiyloxymethyl 
group, a tert-butoxycarbonyloxymethyl group, a 1 -methoxycarbonyloxyethyl group, 2-methoxycartxinylox- 
yethyl group, a 1-ethoxycartx)nyloxyethyl group, a 2-ethoxycabonyloxy ethyl group, a 1-tert-butoxycar- 
bonykjxyethyl group, a 2-tert-butoxycarbonyloxyethyl group, a 1-butoxycarbonyloxyethyl group, a 1-pen- 
tyloxycartwnyloxyethyl group or a 1-hexyloxycartx>nyloxyethyl group. 

75 In the 



20 




30 



group wherein and are as defined above and the 



group wherein and are as defined above, when and or and Y^ form together with the adjacent 
nitrogen atom a 5- or 6-membered heterocyclic group which may further contain a hetero atom selected 
from the group consisting of a nitrogen atom, an oxygen atom and a sulfur atom, such a 5- or 6-membered 
heterocyclic group may be a morpholino group, thiomorpholino group, a pyrrolidinyl group or a piperazinyl 
35 group. 

The residue of an acidic, neutral or basic amino add may be a residue of an amino acid such as 
alanine, arginine, histidine. homoserine, leucine, naphthytalanine. norleucine. lysine, norvaline, ornithine, 
serine, threonine, tyrosine, valine, aspartic acid, glutamic add, tryptophan, isoleudr^. phenylalanine or 
cysteine. 

40 The tower alkanoyl group which may be substituted by one to three substituents selected from the 
group consisting of an amino group, a hydroxy I group, a cart^oxyl group, an aryloxy group, an aralkylox- 
ycaft>onylamino group, a tower alkoxycartx)ny1amino group or a 

^N-CO- 

50 group wherein X' and X^ are as defined above and which may further contain a doubte bond in the carlxjn 
chain, may be a tower alkanoyl group which may be substituted, such as an acetyl group, a propionyl 
group, a butyryl group, an isobutyryl group, a valeryl group, an isovateryl group, a hexanoyi group, a 
phenoxyacetyl group, a (1-fiaphthyl)oxyacetyl group, a dnnamoyl group, a (2-naphthyl)oxyacetyl group, a 3- 
phenylpropanoyl group, a 3-phenyl-2-hydroxyproparx)yl group, a 3-phenyl-2-phenylpropanoyl group, a 3- 

55 phenyl-2-benzylprojianoyl group, a 4-phenyl-2-l)en2ylbutyryl group, a 5-phenyl-2-ben2ylpentanoyl group, a 
2-t>enzyl-4-phenyl-3-butenoyl group, a 4-t)er\2ytoxycartx)nylaminobutyryl group, a 3-methoxycartx)nyl-2.3- 
dihydroxypropionyl group, a 3-morpholinocartxxiyl-2-[(1-naphthyl)methyl}-propanoyl group, a 3-mor- 
pholinocartx)nyl-2-[(2-naphthyl>-methyl}-propanoyl group or a 4-aminobutyryl group. 
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The lower alkyi, cycloalkyl. cycloalkylalkyi or aralkyi group which is substituted by one or two hydroxyl 
groups includes a hydroxymethyl group, a 2-hydroxylethyl group, a 3-hydroxy propyl group, a 4-hydrox- 
ybutyl group, a 5-hydroxypentyl group, a 2,3-dihydroxypropyl group, a 3,4-dihydroxybutyl group, a 4,5- 
dihydroxypentyl group, a 1 -hydroxyethyl group, a 1-hydroxypropyl group, a 1 -hydroxy tHJty I group, a 1- 
hydroxypentyl group, a 2-hydroxy-1-hydroxymethylethyl group, a 3-hydroxy-2-hydroxymethy (propyl group, 
a 4-hydroxy-3-hydroxymethylbutyl group, a 3-hydroxy-2,2-dihydroxymethy {propyl group, a 4-hydroxy-2,3- 
dlhydroxylmethylbutyl group, a 2-hydroxymethyl-2.3-dihydroxypropyl group, a 2-hydroxymethylbutyl group, 
a 4-hydroxymethylbutyl group, a 3-hydroxy-3-cyclohexylpropyl group. 4-hydroxy-4-cyclohexylbutyl group, a 

3- hydroxy-3-cyclopentylpropyl group, a 4-hydroxy-4-cyclopentylbutyl group, a 4-hydroxybenzyl group, a 3- 
hydroxy benzyl group, a 2-hydroxy benzyl group, a 4-hydroxyphenethyl group, a 3-hydroxy phenethyl group, 
a 2-hydroxyphenethyl group, an a-hydroxyt>enzyl group, a 2-phenyl-2-hydroxyethyl group, a 2-phenyl-1- 
hydroxyethyl group and a 3-phenyl-3-hydroxypropyl group. 

The lower alkylene group may be a lower alkylene group having from 4 to 6 carbon atoms such as a 
tetramethylene group, a pentamethylene group or a hexamethylene group. 

The acyl group may be a lower alkanoyi group such as a formyl group, an acetyl group, a propionyl 
group, a butyryl group, an isobutyryl group, a valeryl group, or an isovaleryl group, an aroyi group such as 
a benzoyl group, or an acyl group derived from the carboxyl group of an amino acid, a di- or penta-peptide 
or a derivative thereof, such as 

an N-benzyloxycarbonylnaphthylalanylhistidyl group, an N-tert-butoxycarbonylnaphthylaianylhistidyl group, 
an N-benzyloxycartx3nylnaphthylalanylnorleucyl group, an N-tert-butoxycartx)nylnaphthylalanylnorleucyl 
group, an N-tert-butoxycart)onylphenylalanylhistidyl group, an N-benzyloxycartx)nylphenylalanylhistidyl 
group, an N-tert-butoxycarbonylphenylalanylnorleucyl group, an N-benzyloxycarbonylphenylalanylnorleucyl 
group, an N-isovalerylnaphthylalanylhistidyl group, an N-isovaleryinaphthylalanylnorleucyl group, an N- 
isovalerylphenylalanylnorleucyl group, an N-isovalerylphenylalanylhistidyl group, an N-[2-(1-naphthyl)- 
methyl-4-oxo-4-morpholinobutyryl]norleucyl group, an N-acetylphenylalanylhistidyl group, an N-[2-{1-naph- 
thyl)methyt-4-oxo-4-morpholinobutyryl]histidyl group, an N-isovalerylhistidylprolylphenylalanylhistidyl group, 
an N-(2-benzyl-3-phenylpropionyl)histidyl group, an N-(2.3-diphenylpropionyl)histidyl group, an N-(2-ben2yl- 

4- phenylbutyryl)histidyl group, an N-(2-benzyl-5-phenylvaleryl)histidyl group, an N-(2-benzyl-6-phenylhex- 
anoyl)hlstidyl group, an N-(2-benzyl-3-phenylpropionyl)norleucyl group, an N-(2.3-diphenylpropionyl>- 
norleucyl group, an N-(2-benzyM-phenylbutyryI)norleucyl group, an N-{2-benzyl-5-valeryl)norleucyl group, 
an N-(2-benzyl-6-phenylhexanoyl)norleucyl group, an N-<2-styryl-3-phenylpropionyl)histidyI group, an N-(2- 
styryl-3-phenylpropionyl)norleucyl group, an N-phenoxyacetylhistidyl group, an N-phenoxyacetylnorleucyl 
group, an N-(3-phenylpropionyl)histidyl group, an N-(3-phenylpropionyl)norleucyl group, an arginylarginyl- 
prolylphenylaianylhistidyl group, an N-benzyloxycartx)nylarginylarginylprolylphenylalanylhistidyl group, an 
N-benzyloxycarbonylarginylproiylphenylalanylhistidyl group, a profylhistidylprolylphenylalanythistidyl group, 
an N-isovalerylphenylalanyinorvaleryl group, an N-tert-butoxycarl>onylphenylalanylphenylalanyl group, a 
histidylprolylphenyialanylhistidyl group, a histidylprolylphenylalanylnorleucyl group, an N-(2-hidroxy-3- 
phenylpropionyl)histidyl group, an N-(2-hydroxy-3-phenylpropionyl)norleucyl group, an N-tert-butoxycar- 
bonylphenylalanyl-N-methylhistidyl group, an N-<2,3-dihydroxy-3-methoxycarbonylpropionyl)-phenylalany»- 
histidylgroup, an N-{4-benzyloxycart)onylaminobutyryl)glycylphenylalanylhistidy! group, or an N-(4- 
aminobutyryl)glycylphenylalanylhistidyl group. 

The amirx>-protecting group may be a known amino-protecting group such as a benzyloxycarbonyl 
group, a p-methoxybenzyloxycarbonyl group, a tert-butoxycarbonyl group, a chtoroacetyl group, a p- 
toluenesulfonyl group, a benzyl group, a 3,4-dimethoxyben2yl group, an o-nitrot>enzyl group, a p-methox- 
ybenzyl group, a furfuryloxycartK)nyl group, a p-nitrol)enzyk3xycartKinyl group, a {2-chloro-1-inden-1-yl>- 
oxycarbonyl group, a 4-m6thoxy-2,3,6-trimethylbenzenesulfonyl group, a diphenylphosphinothioyi group, a 
trityl group, a vinyloxycartx)nyl group, an 9-anthrylmethyk)xycarbonyl group, a cyclobutoxycartMnyl group, 
a l-methylcyctobutoxycarbonyl group, a cyctopropylmethoxycarbonyl group, a diphenylphosphinyl group, a 
dimethylphosphtnothioyi group, an o-nitrophenylsulfenyl group, a dithiasuccinoyi group, a 1- 
cydopropylethyloxycarbonyl group, a diphenylmethytoxycarbonyl group or a trifiuoroacetyl group. 

The bivalent amino-protecting group may be a known bivalent amino-protecting group such as a 
phthatoyi group. 

The hydroxyl-protecting group may be a known hydroxyl-protecting group such as a 2-methoxyethox- 
ymethyl group, a 2-methoxyethyl group, a methoxymethyl group, a tetrahydropyranyl group, a 2-methox- 
ytetrahydrofuranyl group, a 2HTiethoxytetrahydropyranyl group, a trimethylstlyl group, a tert-butyldimethyl- 
silyl group, an acetyl group, a chtoroacetyl group, a benzoyl group, a tjenzyl group or a p-methoxybenzyl 
group. 
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In a case where and together form a carbonyl group or a 



/5 



20 



25 



group wherein each of R" and R^^ which may be the same or different is a hydrogen atom, a lower alkyi 
group or an aryl group which may be substituted, or R^^ and R^^ may together form a lower alkylene group 
or in case where when R^ and together form the 

group either R^^ or R^^ qj^^ pa together fonm a single bond, such a protecting group may be a known 
bivalent protecting group used for simultaneously protecting an amino group and a hydroxyl group present 
in the same molecule in the adjacent position to each other, such as: 



>"0 



Me >J? // \\ 



30 




35 In the compound of the formula I of the present invention, the cartx)n atoms substituted by R^, the 
hydroxyl group and R^ may have R-configuration. S-configuration or RS-configuration. 

When the compound of the present invention is in the form of a satt. such a salt may be any 
pharmaceutically acceptable non-toxic salt. For example, it may be a salt with an Inorganic acid such as 
hydrochloric acid, sulfuric actd. hydrobromic acid or phosphoric add. or a salt with an organic acid such as 
40 oxalic acid, maiek: aicd. acetic acid, formic acid or tartaric ackj. 

Now, the process for the preparation of the compound of the present invention will t>e described. 
TTie compound of the fonmula I of the present invention can be produced by a process which will l>e 
descrit>ed below. 

A corresponding L-amino acid may usually be empk)yed as the starting material. Firstly, the amino 
45 group of the amino ackj is protected by a usual amirK^-protecting group e.g. an alkyloxycarbonyl or 
araikyk)xycart)onyl group such as a t)enzyloxycartxxiyl group, a 4-melhoxyben2ytoxycartx)nyi group or a 
tert-txityloxycarbonyt group, a diacyl group such as a phtharyl group, an acyl group such as a trifluoroacetyl 
group or a dichloroacetyl group, or an aralkyi group such as a benzyl group or a trityi group, then the 
cartxjxylic add is preferably converted to an amide, an ester, an acid halide or an acid anhydride. arxJ tfien 
so the material is reduced by a conventional method such as Birch reduction, catalytic reduction or reduction 
by means of a metal hydride complex compound to form an aldehyde having the formula: 



R-^^-N — CH-CHO (X) 

U Is 
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wherein R^* is an amino-protecting group, and R* and are as defined above. A suitable nfiethod is 
selected depending upon the type of the amino group or the protecting group on the annino acid side chain. 
For instance, in the case of L-benzyloxycarbonylleucine, it is converted to pyrazolide by nr>eans of a 
condensation agent such as dicyclohexylcartxxiiimide and pyrazole followed by the reduction with a metal 
hydride compound such as lithium aluminum hydride to obtain L-benzyloxy carbon ylleucinal. 

The aldehyde of the formula X is treated with a cyanide such as sodium cyanide or potassium cyanide, 
if necessary after converting it into an adduct with acid sodium sulfite, to obtain cyanohydrin, and then the 
nitrile group is hydrolyzed with an acid or base to obtain a compound having the formula: 



R ^ ^ -N CH-CH-COOH (XI) 



U Is 1 

R^ Oh 



wherein R* . R^ and R^* are as defined above. The compound of the formula XI is obtainable in the form of 
a mixture of diasteroisomers, which may be separated by a usual separating means such as column 
chromatography or a high perlormance liquid chromatography. One of such specific methods for the 
synthesis is described in detail in Agricultural Biological Chemistry, Vol. 46. p, 1865-1872 (1982). 

If necessary, the hydroxyl group of the compound XI may be protected by a usual hydroxyl-protecting 
group such as a 2-methoxyethoxymethyl group, a 2-methoxyethyl group, a methoxymethyl group, a 
tetrahydropyranyl group, a 2-methoxytetrahydrofuranyl group, a 2-methoxytetrahydropyranyI group, a 
trimethylsiiyi group, a tert-butyldimethylsilyl group, an acetyl group, a chloroacetyl group, a benzoyl group, 
a benzyl group or a 4-methoxybenzyl group, and then, the carboxylic acid of the compound of the formula 
XI is converted to a carboxylic acid amide, a cartraxylic acid ester, an acid halide or an acid anhydride by 
the above-mentioned method, i.e. by a conventional method. Then, the compound is reduced by a 
conventional method such as Birch reduction, catalytic reduction or a reduction by means of a metal 
hydride complex compound, whereby when a compourKj of the formula XI having R-configuration at the a- 
positlon is employed, it is possible to obtain a compound havir)g the formula: 

R-^"^ — N— CH— CH-CHO ( III * ) 

1 4 ' 5 i 10 
R^ OR^^ 



wherein R^° is a hydrogen atom or a hydroxyl-protecting group, and R*. R^ and R'* are as defined above. 

Referring to the second aspect of the present invention, the compounds of the formulas III and IV can 
be produced as follows. 

Namely, pepstatin is hydrolyzed to obtain of statin having the formula: 



(S) (£) 
E-N-CE — Z—ZE^ COCE 

A 

CH3 ^CHj 



Then, optional substituents are introduced to the functional groups of statin of the formula V to obtain a 
compound having the formula: 



10 
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r8 

\ (S) (S) 

N-CH — CH-CH-COOR 
/II ^ 

CH, 0R^° (VI) 

CH 

CH3 CH3 



wherein R^^ is a lower alky I group, each of and which may be the same or different is a hydrogen 
atom, an acyl group or an amino-protecting group. R^° is a hydrogen atom or a hydroxyi-protecting group, 
75 or R^ and R^ together form a bivalent amino protecting group, or R^ and R'° together form a cartranyl 
group or a 

R^^ 



group wherein each of R" and R^^ which may be the same or different is a hydrogen atom, a lower alky I 
group or an aryl group which may be substituted, or R^' and R'^ together form a lower alkylene group. 
25 provided that when and R^° form the 



^1 12 

group, either R" or R^^ ^^y^ pa j„^y together form a single bond. Then, the compound of the formula VI is 
converted to a compound having the formula; 

35 

r8 

\ (S) (S) 
N-CH — CH-CH=CH2 

OR^O (IV) 

wherein R*, R^ and R^*" are as defined atwve. Then, the compound of the formula IV can be converted to a 
compound having the formula: 

50 



55 
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r8 

\ 

\ 



^ I t 10 
CHj OR 



N — CH — CH— CHO 



(III) 




.CH 

\ 



CH 



wherein R^, and are as defined above. 

Pepstatin, the starting material of the present invention, can be readily prepared by a known method 
such as a method disclosed in Journal of Antibiotics, Vol. 23. p. 259-282 (1970) wherein a pepstatin- 
producing microorganism is cultured, and pepstatin is isolated from the culture medium. 

The step of hydrolyzing pestatin to obtain statin of the formula V is conducted under a reaction 
condition usually employed for the hydrolysis of a peptide. As such a reaction condition, it is preferred to 
conduct the reaction, for example, in a concentrated hydrochloric acid at a temperature of from 30 to 40* C 
for two days, or in a concentrated hydrochloric acid at room temperature for 1 to 2 weeks, or in a 6N 
hydrochloric acid under heating and refluxing for from 18 to 28 hours. The isolation of statin of the formula 
V from the reaction solution obtained by the hydrolysis, may be conducted by a purification method which 
is commonly used for the purification of an amino acid. Preferably, the isolation can be conducted by a 
purification method by means of a cation exchange resin such as Dawex 50®. 

The step of introducing optional substituents to the functional groups of statin of the formula V to obtain 
a compound of the formula VI, may be conducted by a method known per se. The protection of the amino 
group and the hydroxyl group may be conducted in accordance with the method disclosed in Organic 
Sysnthetic Chemistry. Vol. 36, p. 740-748 (1978). Bulletin of the Chemical Society of Japan, Vol. 46. p. 
3308-3310 (1973) and Journal of Medicinal Chemistry. Vol. 23. p. 27-33 (1980). The introduction of an acyl 
group into an amino group may be conducted by reacting the amino group with a carboxylic acid derived 
from the acyl group or its reactive derivative by any conventional peptide synthesis such as a dicyclohexyl- 
carbodiimide method, a mixed acid anhydride method, an azide method, an active ester method or an acid 
halide method. The convertion of the cartxjxyl group to a lower alkyi ester may be conducted by a 
conventional esterification method which does not adversely affect other substituents. for example, by 
reacting It with a lower alkanol such as methanol or ethanol in the presence of an acid catalyst such as 
hydrochloric acid, hydrobromic acid or f>-toluenesulfonic acid, or by reacting it with diazomethane in the 
case methyl esterification. In this step, the order of introduction of various substituents to the functional 
groups may be changed as the case requires. 

The step of converting the compound of the fbmf^ula VI to a compound of the formula IV may be 
conducted, for example, by a process which comprises reducing tfie compound of the formula VI to obtain 
a compound having the formula: 



wherein R^, Rs and R^° are as defined atiove, tiien converting the compound of the formula VII to a 
compound having the formula: 




(VII) 
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A 



(S) (S) 



N-CH— CH-CH_-CH--Y 



CH, 



(VIII) 



10 



CH^ CH. 



wherein Y is a leaving group, and R^. and R^° are as defined above, then halogenating the compound of 
75 the formula VIII to obtain a compound having the formula: 



\ (S) (S) 
N-CH — CH-CH^-CH«-X 




(IX) 



CH 

/\ 
CH3 CH3 



wherein X is a halogen atom, and R^ . R^ and R^° are as defined above, and then treating the compound of 
30 the formula IX with a base to obtain the compound of the fonmula IV. Here, the halogen atom may be, for 

example, a chlorine atom or a bromine atom, and the leaving group may be. for example, an acetoxy group. 

a p-toluenesulfonyloxy group or a methanesulfonyloxy group. 

The step of converting the compound of the formula Vi to the compound of the formula VII may be 

conducted by any conventional nrtethod so long as it is capable of reducing the cart>oxylate group of the 
35 compound of the formula VI to an alcohol. Preferably, a method may be mentioned wherein the compourxJ 

of the fonmula VI is reduced in a solvent such as methanol, ethanol, tetrahydrofuran. dimethytformamide or 

dimethylacetamtde by means of a metal hydride complex compound such as sodium borohydride or lithium 

borohydride. 

The step of converting the compound of the formula VII to the compound of the fonmula VIII may t>e 
40 conducted by reacting the compound of the formula VII with p-toluenesulfonylchloride, methanesulfonylch- 
toride or acetylchloride in the presence of a base such as pyridine or triethylamine. 

The step of converting the compound of the formula VIII to the compound of the formula IX may be 
conducted by reacting the compound of the formula VIII with a halogen donating agent such as lithium 
chloride or lithium bromide in a solvent such as dimethylformamide, dimethylacetamide, tetrahydrofuran or 
45 acetonitrile. 

The step of converting the compound of the formula IX to the compound of the formula IV may be 
conducted by treating the compound of the formula IX with an organic amine such as triethylamine or 1,8- 
diazabicyclo[5,4.0}-7-undecene. an alkali metal or alkaline earth metal hydroxide such as sodium hydroxide, 
potassium hydroxide or barium hydroxide, or a metal alcoholate such as sodium methoxide, potassium 
50 methoxide or potassium tert-butoxide. 

The step of converting the compound of the formula IV to tiie compound of the formula 111 may be 
conducted by treating the compourKj of the formula IV with an oxidizing agent such as chromic acid, a 
periodate, osmium tetraoxide, ozone or a combination of these reagents. A compound of the formula III 
wherein R^ is an tsobutyl group can \oe produced sterosF>ecifically. 

55 
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The compound of the formula lit or lir is reacted with a compound having the formula: 

5 (R^^z)2-p-ch-cor'^ (xri) 

I y 

wherein Y is an oxygen atom or a sulfur atom. Z is nil, an oxygen atom or a nitrogen atom, R^^ is a lower 
10 alkyi group or an aryl group, and and R^ are as defined above, or the formula: 

X®(Rifi)3-AcH-C0R^ (XIII) 



75 



wherein X is a halogen atom. R^^ is an aryl group, and R^ and R^ are as defined above, preferably in a 
stream of an inert gas such as argon or nitrogen, in a solvent not adversely affecting the reaction, such as 

20 tetrahydrofuran or dimethylformamide» If necessary by an addition of a halide of an alkali metal or an 
alkaline earth metal, such as lithium chloride, lithium bromide or magnesium bromide, and further by an 
addition of a base e.g. a tertiary amine such as diazabicyloundecene, triethylamine or 
diisopropylethylamine. or a hydride, hydroxide, alcoholate or alkylated product of an alkali metal such as 
sodium hydride, sodium hydroxide, sodium ethoxide or butyl lithium, to obtain a compound having the 

25 formula: 

lA (S)(S) 7 

R-^^-N— k:h-ch-hc=c-cor (XIV) 



30 



wherein R*. R^. R^, R'. R'^ and R^* are as defined above. When R* is a tower alkyI group, the preferred 
stage for its introduction differs depending upon the particular alkylation method. For example, although the 
35 production according to this process may be carried out by using an N-alkylamino acid as tt>e starting 
material, rt is preferred to introduce a lower alkyI group, for Instance, by reacting an alkyI halide such as 
methyliodide or ethyliodide to the compound of the formular XV in the presence of a base such as 
triethylamine. 

Then, the compound of the fomnula XIV can be catalytically reduced in the presence of a metal catalyst 
40 such as palladium black, pailadium-cartx)n or platinum oxide to obtain a compound having the formula: 

74 (S)(S) , 
R- --N— CK-CH-CH , -CH-CQR ' ( XV ) 

■ !a Is ! 10 ' U 
^ R- R^ OR-^" 

wherein R*. R*, R«. R', R«> and R'* are as defined above. The protecting groups R"* and R'* n>ay be 
simultaneously removed by this reaction, if they are protecting groups which can be removed by the 
so catalytic reduction. However, the protecting groups R'° and R'* are usually removed by a conventional 
method suitable for the removal of such protecting groups to obtain a compound having the formula: 

(S)(S) , 
H-N— CH-CH-CHj-CH-COR ' (XVI) 



L b 
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wherein R* , R^ and R^ are as defined above. 

The compound of the formula XVI is reacted with a compound havir^g the formula: 



NH-CH-CO^ NH-CH-CO->^OH 



(XVII) 



10 wherein R\ R^. R^, n and m are as defined above, by a usual method for the peptide synthesis, such as an 
azide method, an activated ester method, a mixed acid anhydride method, a carbodiimide method, an 
imidazole method, a diphenylphosphorylazlde method, a wood word method or a condensation method in an 
oxidation-reduction system, to obtain a compound of the formula I of the present invention. 

The order for linking such constituting components may not necessarily follow the above sequence and 

75 may suitably be selected depending upon the particular compound to be produced. 

When the compound of the present invention is to be used as a medicine, it may be administered by 
itself, but it is usually administered as a mixture with a carrier suitably selected depending upon the route 
for administration and standard formulations. For example, for oral administration, the compound of the 
present invention may be administered in the form of tablets which may be prepared by adding to a powder 

20 of the active ingredient of tfie present invention an excipient such as starch, lactose, sucrose, glucose, 
cyrstalline celtulose, calcium carbonate or kaolin, a binder such as a starch solution, a gelatin solution, a 
hydroxy propyl cellulose, a glucose solution, a sucrose solution, water or ethanol. a disintegrator such as 
starch, agar, gelatin powder, CMC-Ca, CMC-Na, crystalline cellulose, calcium cartjonate or sodium 
hydrogencarbonate, or a lubricant such as magnesium stearate, calcium stearate, talc, macrogoal 4.000, 

25 macrogoal 6,000 or stearic acid, subjecting the mixture to compression molding by a conventional tabletting 
method, and if necessary, applying a sugar coating by means of a concentrated sugar solution containing 
e.g. gum arabic, talc, polyvinyl pyrrolidone, polyethylene glycol and/or titanium oxide, applying a film 
coating by means of a film-forming agent composed of e.g. polyvinyl acetal, diethylaminoacetate, cellulose 
acetate, N,N-dibutylaminohydroxy propyl ether, hydroxy propylmethy I cellulose, hydroxypropyl cellulose. 

30 ethyl cellulose or polyvinyl pyrrolidone, or applying an enteric coating by means of a film-forming agent 
composed of e.g. ethyl cellulose phthalate cerac. cellulose acetate phthalate or hydroxy propylmethy I 
cellulose phthalate; granules or fine granules which may be prepared by adding to the active ingredient of 
the present invention a binder such as starch, gelatin, gum arabic, methyl cellulose, sodium carboxymethyl 
cellulose, heavy silicic anhydride or light silicic anhydride, foltowed by kneading and granulation by usual 

35 methods; a powder of the active ingredient of the present invention by itself; or capsules which may be 
prepared by adding to the active ingredient of the present invention an excipient such as lactose, starch or 
crystalline cellulose and/or a lubricant such as magnesium stearate, cak:ium stearate or talc, and filling the 
mixture into capsules. For non-oral administration, an injection formulation may be used wherein an 
emulsifying agent such as propylene glycol, polyethylene glycol or a vegetable oil such as olive oil, or a 

40 solubilization agent such as sodium benzoate, sodium salicyate. N-hydroxyethyllactamide, cateium a- 
saccharide, mannitol. nicotic acid amide or cyclodextrin. is suitably used. 

Further, to such formulations, other medicinal substances may be incorporated. Such medicinal 
substances include, for example, acetazolamide, amiloride, chk)rothiazide. furosemide. timolol, propranoksl, 
cetamolol, clonidine, methyldopa, minoxydil, hydralazine, captopril. pivalopril, enatapril, lidinopril, verapamil, 

45 nifedipine, nicardipine, felodipine, nimodipine and diltiazem. 

An advantageous formulation contains from about 0.1 mg to 500 n»g of the compound of the present 
invention. A preferred range of a daily dose for oral administration Is from about 0.1 mg/kg to 500 mg/kg, 
and such a daily dose may t>e amdinistered at once or in three times a day. For non-oral administration, it 
is preferred to administer the compound of the present invention in an amount of from about 0.1 mg/kg to 

so 10 mg/kg per day at once. The dose may be increased or reduced by a doctor's prescription depending 
upon e.g. the sex and diseased condition of the patient. 

Now, the present invention will be described in further detail with reference to the Test Example for 
renin inhibiting activities of the compounds of tiie present invention and Working Examples. 

55 Test Example for renin inhibiting activities: 

To 156 ul of a 0.2M sodium phosphate buffer solution (pH7.4), 40 ul of a solution mixture of 34mM 0- 
hydroxyqutnoline and lOOmM disodium ethylenediaminetetraacetate, 4 ul of dimethyl sulfoxide or a 
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dimethyl sulfoxide solution of an inhibitor and 200 ul of human plasma were added and reacted at 37 • C for 
one hour. Then, pepstatin was added thereto to terminate the reaction, and the amount of the resulting 
angiotension I was measured by radio immunoassay whereby the inhibiting activity was determined. The 
50% inhibition concentrations (ICso values) of the compounds of the present invention are shown below. 

Compound Name ICcq (mol) 

( 2RS , 4S , 5S ) -5- ( L-N-benzy loxycarbony Inaphthyl- 
alanyl-L-norleucyl)amino-4-hydroxy-2- 
( 3-hydroxypropyl ) -7-methy 1-octanoic 

-9 

'5 acid isobutylamide (compound of Example 14(8)) 5 x 10 



5 



70 



( 2RS , 4S , 5S ) -5- ( L-N-benzyloxycarbonylnaphthyl- 

20 

alanyl-L-norl€ucyl)amino-4-hydroxy-2- 
{2-hydroxyethyl)-7-methyl-octanoic acid 

isobutylamide (compound of Example 15(3)) 7 x 10 



{ 2RS , 4S , 55 ) -5- ( L-N-benzy loxycarbony Inaphthyl- 

30 

alanyl-L-norleucyl ) amino-4-hydroxy-2-isopropyl- 
7-methyl-octanoic acid isobutylamide (comparative 

—8 

^ compound) 4 x 10 

Among the compounds disclosed in the above mentioned Japanese Unexamined Patent Publication No. 
122,296/1986 and Japanese Unexamined POT Publication No. 500.415/1986. a derivative having an 

40 isopropyl group at the 2-position of the homostatin structure is believed to have the strongest inhibiting 
activity. Therefore, this derivative i.e. the above-identified comparative compound was synthesized, and the 
renin inhibiting activity thereof was measured and compared with the activities of the compounds of the 
present invention. As is evident from the foregoing, the compounds of the present invention have activities 
higher by atx)ut ten times than the comparative compound. Thus, the superiority of the compounds of the 

45 present invention have been proven. 

Now. the present invention will be described with reference to Examples. However, it should be 
understood that the present invention is by no means restricted by these specific Examples. 

EXAMPLE 1 

60 

Statin 



111 g of pepstatin was dissolved in 1 liter of concentrated hydrochloric acid and hydrolyzed at a 
temperature of from 37*0 to 40*0 for two days. The solution was diluted 30 times with 25% water- 
55 containing methanol and then passed through a column of Dawex 50® (H+-type, 50-100 mesh. 2.5 liters). 
The column was washed with 5 liters of 25% water-containing methanol and then eluted with 1 8 liters of 1 N 
aqueous ammonia The eluate was concentrated to dryness under reduced pressure to obtain 45 g of a 
crude powder. This powder was dissolved in a 0.2M pyridine/formic acid buffer solution, followed by 
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adsorption on a column of Dawex of 50® (pyridine-type, 200-400 mesh. 1.2 liters). The column was washed 
with 1.5 liters of a 0.2M pyridine/formic acid buffer solution (pH3.0) and 3.0 liters of a 0.2M pyhdine/formic 
acid buffer solution (pH4.0) and then eluted with a 0.2M pyridine/formic acid buffer solution (pHS.O). Ttie 
statin-containing fraction was collected and concentrated to dryness under reduced pressure to obtain 28 g 
5 of statin having the following physical properties, 
m.p. : 200-201 (dec.) 

[ag°: -19 -(0 = 0,5, H2O) 

R, : 0.49 (silica gel plate, developer: butanol/acetic acid/water (4/1/2)) 

70 EXAMPLE 2 

N-benzyloxycarbonylstatin 

3.0 g of statin was dissloved in a solvent mixture of water/dioxane (1/1), and 5.2 g of benzyl S-4.6- 
dimethylpyrimidine-2-ylthiolcarbonate and 3.6 ml of triethylamine were added thereto. The mixture was 
reacted at 30 * C overnight. The reaction solution thus obtained was concentrated, and the residue thereby 
obtained was dissolved in 100 ml of a 3% sodium hydrogencartx)nate and washed twice with 100 ml of 
ethyl ether. The aqueous layer thus obtained was adjusted to pH4.0 by a dropwise addition of IN 
hydrochloric acid and then extracted twice with 150 ml of ethyl acetate. The ethyl acetate layers were put 
together and washed once with 0.5N hydrochloric acid and twice with 100 ml of a saturated sodium chloride 
aqueous soltuion. The organic layer thus obtained was dried over anhydrous sodium sulfate and con- 
centrated to dryness under reduced pressure. The residue thus obtained was dried under reduced pressure 
to obtain 4,9 g of N-benzyloxycarbonyistatin as a pale yellow powder having the following physical 
properties. 

m.p. : 118-121 -C 

(a^° : -43.9 • (C = 0.90, chloroform) 

Ri : 0.33 (silica gel plate, developer: chloroform/methanol/33% acetic acid (40/4/1)) 

Elemental analysis: As Cj^gHj^NO^ 

C% H% 
Calculated: 62,12 7,49 
Found: 62.17 7.58 

EXAf\/!PLE3 

40 

Methyl [(4S,5S)-3-benzyloxycarbonyl-2^-dimethyl-4HSObutyloxazolidin-5-yl)acetate 

2.88 g of N-benzytoxycarbonylstatin was dissloved in 15 ml of anhydrous methanol. Then, 0.1 ml of 
10% dry hydrochloric add metfianol was added thereto, and the mixture was left to stand at room 

45 temperature for 24 hours. Then, 0.1 rhi of 10% dry hydrochloric acid methanol was further added thereto. 
and the mixture was reacted at 40* C for 24 hours. Tbe reaction solution thus obtained was concentrated, 
and a syrup thereby obtained was dissolved in a solvent mixture of dichloromethane/toiuene, then 
concentrated and azeotropicalty dried. The residue thus obtained was dried under reduced pressure to 
obtain a methyl ester of N-benzyioxycartx)nylstatin as a yellow syrup (Ri: 0.6, silica gel plate, developer 

so chloroform/methanol/acetic add (20/1/0.5)). 

This syrup was dissolved in 15 ml of 2,2-dimethoxypropane. arKi 83 mg of dry p-toluenesuKonic acid 
was added thereto. The mixture was reacted for 2 hours at room temperature and then one hour at 38 'C. 
The reaction solution thus obtained was diluted with 300 ml of ethyl ether and washed sequentially with a 
4% sodium hydrogencartxsnate washed aqueous solution and a saturated sodium chloride aqueous solution. 

55 Then, the organic solvent layer was dried over anhydrous sodium sulfate. After filtering the solid off, the 
filtrate was concentrated and dried to obtain a yellow syrup. The syrup was purified by silica gel column 
chromatography (developer: toluene/ethyl acetate (20/1)) to obtain 3,08 g (yield: 91%) of methyl [(4S,5S)-3- 
benzyloxycart)onyl-2,2-dimethyl-4-isobutyloxazolidtn-5-yl]acetate as a colorless transparent syrup having the 
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following physical properties. 

(ag° : +8.73 • (C = 1 .03, chloroform) 

Rt : 0.57 (silica gel plate, developer: benzene/ethyl acetate (9/1)) 

Mass spectrum: M"^ + 1 = 364 

5 

EXAMPLE 4 

(4S.5$)-3-benzyloxycarbonyl-2,2-dimethyl-5-(2-hydroxyethyl>'4*isobutyloxazolicllne 

70 3.02 g of methyl [(4S,5S)-3-benzyioxycartX)nyl-2^-dimethyl-4-isobutyloxazolidin-5-yl]acetale was dis- 
solved In 75 ml of ethanol, and then 630 mg (2 equivalent) of sodium borohydrlde was added thereto. The 
mixture was stirred at room temperature for 8 hours. Then. 945 mg of sodium borohydrlde was added 
thereto, and the mixture was reacted under the same condition for 16 hours. Then. 945 mg (3 equivalent) of 
sodium borohydrlde was further added thereto, and the mixture was reacted under the same condition for 

75 24 hours. The reaction solution thus obtained was concentrated under reduced pressure to obtain a syrup. 
To this syrup. 250 ml of chlorofonm and 1 50 ml of water were added, and about 50 m! of IN hydrochloric 
acid was gradually dropwise added under vigorous stirring and cooling with Ice to decompose excess 
sodium borohydrlde. 

The organic solvent layer having a pH of about 5 was separated and washed with 150 ml of a 4% 
20 sodium hydroger>-cartx)nate aqueous solution and then with 150 ml of a 10% sodium chtoride aqueous 
solution. The organic soh^ent layer thus obtained was dried over anhydrous sodium suffate. Then, after 
filtering the solid off, the fiftrate was concentrated and dried under reduced pressure. The residue thus 
obtained was dried under reduced pressure to obtain 2.78 g (yield: 99.7%) of (4S,5S)-3-benzyloxycarbonyl- 
2,2-dimethyl-5-<2-hydroxyethyl)-4-isobutyloxazolidine as a colorless transparent syrup having the following 
25 physical properties. 

[a]g° : + 6-83 • (C = 0.84. chloroform) 

Ri : 0.25 (silica gel plate, developer: benzene/ethyl acetate (9/1 )) 

Mass spectrum: M*^ + 1 = 336 

30 EXAMPEL 5 

(4S.5S)-3-benzyioxycarbonyt-2,2-dlmethyl-5-(2-chloroethyl)-4'isobutyloxazolidine 

3.89 g of (4S,5S)-3-benzyloxycart>onyk2.2-dimethyl-5-(2-hydroxyethyl)-4-isobutyloxazolidine was dis- 
ss solved in 15 ml of pyridine, and 2.65 g of p-toluenesutfonyl chloride was added and dissolved therein. The 
mixture was then reacted at room temperature overnight. The reaction soltuion thus obtained was 
concentrated, and precipitated insolubles were filtered off. The filtrate thus obtained was purified by sific 
agel column chromatography (developer: benzene/ethyl acetate (30/1)) to obtain 4.47 g of (4S.5S)-3- 
benzyloxycartK>nyl-2.2<llmethyh5-(2-p-toluenesulfonyloxyethy!)-4Hsobutyloxazolidine as a syrup. 
40 This syrup was dissolved in 30 ml of dimethytfonrtamide, and 1.16 g of lithium chloride was added 
thereto. The mixture was reacted at room temperature overnight The reaction solution thus obtained was 
concentrated under reduced pressure, and the residue was dissolved in 300 ml of chloroform. The 
chloroform solution was wasf>ed sequentially with 150 ml of water, a 2% potassium hydrogensutfate 
aqueous solution, a 4% sodium hydrogencartranate aqueous solution and a saturated sodium chloride 
45 aqueous solution. The organic solvent layer thus ot}tained was dired over anhydrous sodium sulfate. Then, 
after filtering the solid off, the flHrate was concentrated under reduced pressure, and the residue thereby 
obtained was dissolved in 300 ml of chloroform. The chloroform layer vyas washed sequentially with 150 ml 
of water, a potassium hydrogensutfate aqueous solution, a 4% sodium hydrogencartx)nate aqueous solution 
and a saturated sodium chloride aqueous solution and then dried over anhydrous sodium sulfate. After 
50 filtering the solid off, the filtrate was concentrated under reduced pressure and further dried under reduced 
pressure to obtain 3^ g (yield: 80%) of (4S,5S)-3-benzyloxycarbonyf-2.2-<jimethyl-5-(2-chioroethyl>-4- 
isobutyloxazolldine as a coloriess transparent syrup having the following physical properties. 



[ag° : -8.60 -(0 = 1 .29. chlorofonm) 

Rf : 0.63 (silica gel plate, developer: t»enzene/ethyl acetate (9/1)) 

55 0^3 (silica gel plate, developer: 

hexane/isopropyl ether (4/1)) 
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Elemental analysis: As C^qH^oNOqCl 





C% 


H% 


N% 


CI 


(%) 


Calculated: 


64.49 


7.97 


3.96 


10 


.02 


Found : 


64.57 


7.91 


3.98 


10 


.08 



70 

EXAMPLE 6 

(4S,5S>-3-benzyloxycarbonyl-2.2-dimethyl-5'ethenyt'4'isobutyloxagoiidine 

15 

610 mg of (4S.5S)-3-ben2yloxycartKDnyl-2^-<Jimethyl-5-(2-chloroethyl)-4-isobutyloxazolidi^ was dis- 
solved in 3.6 ml of dry benzene, and a solution prepared by dissolving 390 mg of potassium tert-butoxide in 
3.6 ml of dimethyl sulfoxide, was added thereto. The mixture was reacted at room temperature for 10 
minutes. The reaction solution thus obtained was purified by sifica gel column chromatography (packed with 
20 36 g of silica gel, developer: benzene/ethyl acetate (30/1)), and the fraction containing the desired 
compound was collected and concentrated. The residue thus obtained was dried under reduced pressure to 
obtain 540 mg (yield: 99%) of (4S,5S)-3-ben2y!oxycarl>onyh2^-dimethyl-5-etheny(-4-isobutyIoxazoiidine as 
a colorless transparent syrup having the following physical properties. 

R, : 0.43 (silica gel plate, developer: hexane/isopropyl ether (4/1)) 

25 Nfy/lR{60MHz, CDCl3,5ppm): 0.7-1.0(m, 6H), 1.1-1.9(m, 3H). 1.5(s. 3H), 1.6(s, 3H). 3.6-4.0(br, IH), 

4.25(dd, IH, J = 4H2. 7H2), 5.1 (s. 2H), 5.0-5-5(ddx2, 2H), 6.0(ddd. IH, 
J1-J2 = 16Hz, JtJs = 10Hz, Ji-J4 =7Hz), 7.3(s. 5H) 

EXAMPLE 7 

30 

(4S,5R)-3-t>enzyloxycarbonyl-2.2-dimethyl-5-formyl-4-isobutyloxazolidine 

535 mg of (4S.5S>-3-l)en2yloxycartx>nyi-2^-dimethyl-5-ethenyl-4-isobutyloxazolidine was dissolved in 
3.5 ml of dioxane. and 3 ml of a dioxane solution containing 30 mg of osmium tetraoxide was added 

35 thereto. Then, the mixture was reacted for 15 minutes by shutting out light A brown reaction solution thus 
ot3tained was diluted with 7 ml of water, and 4 ml of an aqueous solution containing 720 mg of sodium 
periodate was gradually dropwtse added over a period of one hour under stirring. After completion of the 
dropwise addition, the stirring was continued for further one hour. Then, after filtering insolubles off. the 
filtrate was diluted by an addition of 80 ml of ethyl ether. The organic solvent layer was separated and 

40 washed twice with 70 ml of a 5% sodium sulfide aqueous solution and then with 70 mf of a 5% sodium 
chloride aqueous solution. The organic solvent layer thus obtained was dried over anhydous sodium sulfate. 
After filtering the solid off, the filtrate was concentrated under reduced pressure. The residue thus obtained 
was dried under reduced pressure to obtain 540 mg of a crude product of (4S,5R)-3-benzyloxycarbonyl-2^- 
dimethyl-5-formyl-4-isobutyloxa2olidine as a colorless transparent syrup having the following physical 

45 properties. 

Rf: 0.2-0.4, broad (sifica gel plate, developer: hexane/ethyl acetate (3/1)) 

NMR(60MHz, CDCI3. 5 ppm): 0.7-1 .1(m. 6H), 1.1-1.6{m. 3H). 1.55(s. 3H), 1.6(s, 3H), 3.6-4,5(br. 2H), 

5.1 (s, 2H). 7.3(s, 5H). 9.6(s, IH) 

50 EXAMPLE 8 

N-tert-butyloxycaj1x)nylstatin 

By using tert-butyl S-4,6-dimetfiylpyrimidin-2-ylthiolcart}onate, 3.6 g of N-tert-butyloxycarbonylstatin was 
55 prepared from 3.0 g of statin in the same manner as in Example 2. 

NMR(60MHz, COCI3, fi ppm): 0.9(d, 6H), 1.4(s. 9H), 1.2-1.6(m, 3H), 2.55(d, 2H), 3.4-4.1 (m. 2H), 4.9(m. 

IH), 7.4(m, 2H) 
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EXAMPLE 9 

Methyl [(4S,5S)'3-ter1-butyloxycarbonyl-2.2HJimethyM-isobutyloxazolidin-5*yl]acetate 

An ethyl ether solution of diazomethane was dropwise added to an ethyl ether solution containing 3.6 g 
of N-tert-butyloxycarbonyistatin until the yellow color of diazomethane disappered. Then, the solvent was 
distilled off under reduced pressure to obtain 3.9 g of a methyl ester of N-tert-butyloxycarbonyistatin, This 
compound was isopropylidene-nnodified in the same manner as in Example 3 to obtain 3.64 g of methyl [- 
(4S,5S)-3-tert-butyloxycarbonyl-2,2-dimethyl-4-isobutyloxazolidin-5-yl]acetate- 

NMR(60MHz, CDCI3. 6 ppm): 0.95(d, 6H). 1.2-1.7(m. 3H). 1.45(s. 9H). 1.5(s, 3H), 1.6(s, 3H). 2.6(d. 

2H), 3.7(s. 3H). 3.7(m. 1H). 4.3(m. 1H) 

EXAMPLE 10 

(4S.5S)-3-tert-butyloxycartK)nyl-2.2-dimethyl-5-(2-hydroxyethyl)-4'isobutyloxazolidine 

3.13 g of the compound obtained in Example 9 was reduced in the same manner as in Example 4 to 
obtain 3.01 g of the above-identified compound. 

Ri: 0.21 (silica gel plate, developer: hexane/ethyl acetate (3/1)) 

Mass spectrum: m/z 302(M+ + 1) 

NMR(300MHz. CDCb.a ppm): 0.95(d. 6H). 1.45-1.65(18H). 1.73-1.77(m. H). 1.77.2.0{m, 1H). 2.08(t, 

1H), 3.6-3.75(m, 1H), 3.8(dd. 2H). 4.1 (m. 1H) 

EXAMPLE 1 1 

(4S.5S)-3-tert-butyloxycarbonyl-2.2-dimethyl-5-(2-chloroethyl)-4Hsopropyloxa2olidine 

200 mg of the compound obtained in Example 10 was dissolved in 2 ml of dry methylene chloride, and 
115 ul of triethylamine and 152 mg of tosyl chloride were added thereto. The mixture was stirred at room 
temperature overnight. Then, 115 ul of triethylamine was further added, and the mixture was reacted at 
room temperature and then evaporated to dryness under reduced pressure. A solution mixture of ben- 
zene/ethyl acetate (30/1) was added to the residue. After filtering insolubles off, the filtrate was purified by 
silica gel column chromatography to obtain 281 mg of (4S.5S)-3-tert-butyloxycarbony»-2^-dimethyl-5-(2-p- 
toluenesulfonytoxyethyl)-4-isobutyloxazolidine as a syrup. 

This syrup was treated in the same manner as in Example 5 to obtain 173 mg of the at>ove-identified 
compound. 

Rf: 0.43 (silica gel plate, developer hexane/ethyl aceat6(10/1)) 

NMR(300MHz. CDCb.S ppm): 0.9(d. 6H), 1.4-1. 65(1 8H). 1.85-2.0(m. 1H). 2.0-2^(m. 1H), 3.55-3.80- 

(3H). 4.1(m. 1H) 

EXAMPLE 12 

(4S.5S)-3-tert-butyloxycartK3nyl-2^-dimethyi-5-ethenyl-4-isobutyloxa2oltdine 

1.37 g of (4S.5S)-3-tert-butyloxycartx)nyl-2.2-dimethyl-5-{2-chloroethyl)-4-isobutyloxazolidine obtained 
by the process of Example 11 was treated in the same manner as in Example 6 to obtain 1.14 g of the 
atx)ve-identified compour)d. 

Ri- 0.55 (silica gel plate, developer hexane/ethyl acetate (10/1)) 

NMR(300MHz. CDCb.a ppm): 0.95(dd. 6H). 1.45-1.65(18H), 3.7-3.9(m, 1H). 4.3(m. 1H). 5.22(d. 1H), 

5.33(d. 1H). 6.0(m. 1H) 

EXAMPLE 13 

(4S,5R)-3-tert-butyloxycafbonyl-2.2-dimethyi-S-formyl-4-isobutyloxazolidine 

1.265 g of (4S,5S)-3-tert-butyloxycarbonyl-2.2-dimethyl-5-ethenyl-4-isobutyfoxazolidine prepared in ac- 
cordance with Example 12 was treated in the same manner as in Example 7 to obtain 1.246 g of ttie above- 
identified compound. 
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R,: 0.36 (silica gel plate, developer: hexane/ethyi acetate (3/1)) 

Mass spectrum: m/z 286(M^ + 1) 

NMR(300MHz, CDCb. 6 ppm): 0.95(dd. 6H), 1.4-1. 7(1 8H). 4.05-4.3(2H), 9.8(S, IH) 
5 EXAMPLE 14 

(1) L-N-ben2yloxycartx3nyl leucine 3.5-dimethylpyra2Qlide 

10 g of a piperazine salt of L-N-benzyloxycartx)nyl leucine was suspended in 120 ml of IN hydrochloric 

70 acid, and after an addition of 100 ml of ethyl acetate, dissolved under stirring. The aqueous layer was 
extracted twice with 100 ml of ethyl acetate. The organic layer was washed with a saturated sodium 
chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure to obtain an oily substance of L-N-(ben2yloxycarbonyl)leucine. 

The oily substance thus obtained was dissolved in 85 ml of dry dichloromethane, and 6,89 g of N.N'- 

/5 dichlorohexylcarbodiimide and 4.38 g of l-hydroxybenzotriazole were added thereto under stirring and 
cooling with ice. The mixture was stirred at the same temperature for 20 minutes. Then, 3.21 g of 3,5- 
dimethylpyrazole was added thereto, and the mixture was stirred at the same temperature for two hours, 
and then stirred at room temperature overnight. Insolubles were filtered off, and the solvent were distilled off 
under reduced pressure. The residue was dissolved in 100 ml of ethyl acetate. The ethyl acetate solution 

20 was washed sequentially wrth a 10% citric acid aqueous solution, water, a 4% sodium hydrogencarbonate 
aqueous solution, water and a saturated sodium chloride aqueous solution and dried over anhydrous 
magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was recrystallized 
from hexane/ethyl acetate to obtain 7.08 g of L-N-benzyloxycartXDnyl leucine 3.5-dimethylpyra2olide as 
colorless needle-like crystals. 

25 m.p. : 88-89 'C 

[a]^° : +1 0.57 • (C = 0.95. acetic acid) 

Rf : 0.76 (silica gel plate, developer: chloroform methanol (50/1)) 

(2) 2(s)-2-benzyloxycarbonylamino-1-hydroxy-4-methylhexanenitrile 

30 

a) 860 mg of lithium aluminum hydride was suspended in 15 ml of dry tetrahydrofuran under nitrogen. A 
solution prepared by dissolving 6.98 g of pyrazolide in 80 ml of dry tetrahydrofuran. was dropwise added 
over a period of 50 minutes under stirring at -20 'C. The mixture was stirred at the same temperature for 
one hour, and then 5 ml of 5 N hydrochloric acid was added. Insolubles were filtered off, and the solvent 

35 was distilled off under reduced pressure. The residue was dissolved in 100 ml of diethyl ether. The 
diethyl ether solution was washed sequentially with 1 N hydrochloric acid, water and a saturated sodium 
chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure to obtain L-N-benzyloxycartx)nyl leucinal as an anhydrous oily substance. 
Rfi 0.63 (silica gel ptate. developer: chlorofonm/methanol (10/1)) 

40 b) Then, L-N-benzyloxycartX)nyl leucinal was suspended in 15 ml of an aqueous solution containing 2.12 
g of sodium hydrogensutfite and stirred at room temperature overight. After an addition of 80 ml of ethyl 
acetate thereto. 25 ml of an aqueous solution containing 1 .01 g of sodium cyanide was dropwise added 
over a period of 2 hours. The mixture was stirred at room temperature for 3 hours, and then the organic 
layer was washed sequentially with water and a saturated sodium chloride aqueous solution and dried 

45 over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure to obtain 5.16 g 
of the above-identified compound as a cotoriess oily substance. 
Rf: 0.57 (silica gel plate: developer: chloroform/methanol (10/1)) 

(3) (2RS.3S>-3-amino-2-hydroxy-5-methyl-hexanoic acid 

50 

5.16 g of cyanohydrin was dissolved in a mixture of dioxane (55 ml)/concentrated hydrochloric acid (55 
ml)/anisole (24 ml), and the mixture was refluxed under heating at 110* for 10 hours. The reaction mixture 
was washed with 80 ml of ethyl acetate, and then the aqueous solution was distilled off under reduced 
pressure. The residue was dissolved in a small amount of water and passed through a cation exchange 
55 resin Dawex® SOW x 2 (100 - 200 mesh. H+-type. 40 ml). After washing with water, the adsort)ed portion 
was eluted with IN aqueous ammonia (150 ml). The product-containing fraction was subjected to distillation 
under reduced pressure. The residue was crystallized from acetone to obtain 1.9 g of (2RS.3S)-3-amino-2- 
hydroxy-5-methylhexanoic acid as a coloriess powder. 
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R(: 0.41 (silica gel plate, developer: n-butanol/acetic acid/water (4/1/1)) 

(4) (2R,3S>-3-benzyloxycafbonylamino-2-hydroxy'5-methylhexanoic acid 3.5-dlmethyipyra2olide 

5 a) 1 g of (2RS,3S)-3-amino-2-hydroxy-5-methylhexanoic acid was suspended In 5 ml of water and, after 
an addition of 1.7 ml of trietfiylamine, dissolved. Then, a solution prepared by dissolving 1.88 g of S- 
(ben2yloxycarbonyl)-4,6-dimethyl-2-thiopyrimidine in 5 ml of dioxane, was added ttiereto, and tfie mixture 
was stirred at room temperature overnight. 30 ml of water was added to the reaction mixture, and then 
the mixture was washed twice with 50 ml of ethyl acetate. The aqeuous layer was adjusted to pH 2.0 

70 with 5N hydrochloric acid under cooling with ice and extracted three times with 30 ml of ethyl acetate. 
The ethyl acetate layer was washed with 1 N hydrochloric acid and a saturated sodium chloride aqueous 
solution and then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure to obtain 1.3 g of (2RS.3S)-3-ben2yloxycarbonylamino-2-hydroxy-5-methylhexanoic acid as a 
colorless oily substance. 

15 Ri: 0^ (silica gel plate, developer: chlorofomn/methanol/acetic acid (10/1/0.5)) 

b) 1.3 g of (2RS,3S)-3-ben2yloxycarbonylamino-2-hydroxy-5-methyl-hexanoic acid was dissolved in 13 
ml of dry dichloromethane, and 455 mg of 3.5-dimethylpyra20le, 623 mg of l-hydroxybenzotriazole and 
968 mg of N.N'-dicyclohexylcarbodiimide were added thereto at -10 under stining. The mixture was 
stired at the same temperature for 2 hours and then, stirred at room temperature overnight. After filtering 

20 insolubles off, the solvent was distilled off under reduced pressure. The residue was dissolved in 30 ml 
of ethyl acetate. The ethyl acetate solution was washed sequentially with a 10% citric acid aqueous 
solution, water, a 4% sodium hydrogencarbonate aqueous solution, water and a saturated sodium 
chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure, and the residue was purified by silica gel column chromatography (20 g of 

25 Kieselgel 60) by using chloroform to obtain 1 .4 g of dimethylpyrazolide as a colorless oily substance). 

860 mg of dimethylpyrazolide was further separated and purified by silica gel column chromatog- 
raphy (30 g of Kieselgel 60) to obtain 427 mg of (2S,3S)-3-benzyloxycarbonylamino-2-hydroxy-5- 
methylhexanoic acid 3,5-dimethylpyrazolide from the fraction eluted with hexane/ethyl acetate (9/1) and 
110 mg of the above-identified compound from the fraction eluted with hexane/ethyl acetate (5/1), 

30 respectively, as oily substances. 

Rf: 0.23, 0.16 (silica gel plate, developer: hexane/ethyl acetate (5/1)) 

(5) (2RS,3S)-benzyloxycartK?nylamino-2-(2-tetrahydropyranyloxy)-5-methylhexanal 

as a) 162 mg of (2RS.3S)-3-benzyloxycart3onylamino-2-hydroxy-5-methy!hexanoicacid 3,5-dimethyl- 
pyrazolide was dissolved in 1 ml of dry dichloromethane, and 102 ul of dihydropyran and 0.8 mg of p- 
toluenesulfonic acid monohydrate were added thereto. The mixture was stin-ed at room temperature for 
1.5 +K)urs. Then. 10 ml of chloroform was added to the mixture, and the mixture was washed with a 4% 
sodium hydrogencartxjnate and a saturated sodium chloride aqueous solution and dried over anhydrous 

40 magnesium suffate. Then, the solvent was distilled off under reduced pressure to obtain 207 mg of 
(2RS,3S)-3-t3en2yloxycartx5nylamino-2-(2-tetrahydropyranyloxy)-5-methyihexanoic acid 3.5-dimethyl- 
pyrazolide as a cotoriess oily substance. 

Ri: 0.36, 0.30 (silica gel plate, developer: hexane/ethyl acetate (4/1)) 
b) 18 mg of lithium aluminum hydride was suspended in 0.3 ml of dry tetrahydrofuran under nitrogen. A 

45 solution prepared by dissolving 207 mg of the tetrahydropyranyl compound in 2.3 ml of dry 
tetrahydrofuran was dropwise added at -20 • C under stirring. The mixture was further stirred at the same 
temperature for 1 .25 hours, and then 0.1 ml of 5N hydrochloric add was added thereto. Insolubles were 
filtered off, and the solvent was distilled off under reduced pressure. The residue was dissolved in diethyl 
ether. The diethyl ether solution was washed sequentially with IN hydrochloric acid, water and a 

50 saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent 
was distilled off under reduced pressure to obtain 118 mg of the above-identified compound as a 
colorless oily substance. 

Ri: 0.30, 016 (silica gel plate, developer hexane/ethyl acetate (3/1)) 

55 (6) Ethyl 2-diethylphosphono-5^2-tetrahydropyranyloxy)pentanote 

0.58 mi of 3-bromo-1-propanol was dissolved in 6 ml of dry dichloromethane. and 1.22 ml of 
dihydropyran and 10 mg of dry p-toluenesutfonic acid were added thereto. The mixture was stinred at room 
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temperature overnight, and the mixture was partitioned with 30 ml oi chloroform and 16 ml of a 4% sodium 
hydrogencartxjnate aqueous solution. The organic solvent layer was washed with water and dried over 
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure. The residue was 
separated by silica gel column chromatography (10 g of Kieselgel 60) by using chloroform. Then, the 

5 fraction containing the product was purified by silica gel column chromatography (10 g of Kieselgel 60) by 
using a mixture of n-hexane/ethyl acetate (20/1). The fractions containing the product were put together, and 
the solvent was distilled off under reduced pressure to obtain 1.44 g of 3-bromo-H2-tetrahydropyranyloxy)- 
propane as a colorless oily substance. 

Rf! 0.33 (silica gel plate, developer: hexane/ethyl acetate (10/1)) 

70 215 mg of a sodium hydride dispersion (50% in oil) was washed three times with hexane under argon 
in an Erienmeyer flask, and the oil was separated. After drying, the powder thereby obtained was 
suspended in 1.5 ml of dry dimethylformamide under an argon gas stream, and the suspension was cooled 
to 0 ' C. Then. 0.9 ml of ethyl diethylphosphonoacetate was dropwise added to the mixture over a period of 
one hour. The mixture was stirred at room temperature for 30 minutes an6 then cooled to O'C, and 1.23 g 

15 of 3-bromo-H2-tetrahydropyranyloxy)propane was added thereto. The mixture was stirred at room tem- 
perature ovemight and then stirred at 65 'C for 8 hours. The mixture was poured into 15 ml of water and 
extracted three times with 20 ml of chloroform. The organic solvent layer was washed with water and dried 
over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure. The residue was 
separated by silica gel column chromatography (10 g of Kieselgel 60) by using a mixture of n-hexane/ethyl 

20 acetate (2/1). The product-containing fraction was purified again by silica gel column chromatography (8 g 
of Kieselgel) to obtain 583 mg of ethyl 2-diethylphosphono-5-(2-tetrahydropyranyloxy)pentanoate as a 
colorless oily substance. 

Mass spectrum: m/z 367 (M^ + 1) 

R,: 0.33 (silica gel plate, developer: hexane/ethyl acetate (1:5)) 

25 

(7) (2RS,4S,5S>-5-amino-4-hydroxy-2-[3-(2'tetrahydropyranyloxy)propyl>7-methyl-octanoic acid 

isobutylamide 

a) 63.4 mg of lithium chloride was suspended in 5 ml of dry tetrahydrofuran under an argon gas stream. 

30 A solution prepared by dissolving 546 mg of ethyl 2-diethylphosphono5-{2-tetrahydropyranyloxy)- 
pentanoate in 0.6 ml of dry tetrahydrofuran, was added thereto under stirring. The mixture was stirred for 
five minutes at room temperature, and then 1.4 ml of a 20% dry tetrahydrofuran solution of dia- 
zabicycloundecene was added. The mixture was stirred for 10 minutes at room temperature. Then, a 
solution prepared by dissolving 396 mg of(4S,5R)-3-ben2yloxycartx)nyl-2^-dimethyl-5-fonmyl-4- 

3S tsobutyloxazolidine in 1.0 ml of dry tetrahydrofuran, was added thereto, and the mixture was stirred 
ovemight at room temperature. The mixture was cooled to 0 • C and then neutralized with 1 N hydrochlo- 
ric acid, tnsolubtes were filtered off. and the solvent was distilled off under reduced pressure. The 
residue was dissolved in 20 ml of ethyl acetate and washed with water. The aqueous layer was further 
extracted twice with 15 ml of ethyl acetate. The ethyl acetate layer was dried over anhydrous magnesium 

40 sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by silica gel 
column chromatography (8 g of Kieselgel 60) by using a mixture of hexane/ethyl acetate (10/1) to obtain 
556 mg of ethyl 3-[(4S,5S)-3-benzyloxycartx>nyl-2,2-dimethyl-4HSObutyloxazolidine-5-ylh2-I3-(2- 
tetrahydropyranyioxy)propyl]-2-propenoate (E/Z (60/40) as a colorless oily substance. 
Ri: 0.51 (silica gel plate, developer: hexane/ethyl acetate (10/1)) 

45 b) 100 mg of ethyl 3-[(4S,5S)-3-t)enzytoxycarbonyl-2»2KJimethyl-4-isobutyloxa20lidine-5-ylh2^3K2 
tetrahydropyranyioxy)propyl]-2-propenoate was dissolved in 0.2 ml of ethanol. and 0.5 ml of 
etharwl/water (10/1) solution of 2N potassium hydroxide was added thereto under stirring. The mixture 
was stirred ovemight at room temperature, then cooled to 0 * C and neutralized with 1 N hydrochloric add. 
To the mixture. 12 ml of water was added, and the mixture was extracted three times with 12 ml of ethyl 

50 acetate. The ethyl acetate layer was washed sequentially with water and a saturated sodium chloride 
aqueous solution and then dried over anhydrous magnesium sulfate. Then, the solvent was distilled off 
under reduced pressure to obtain 3-I(4S-5S>-3-benzyloxycartx)nyl-2,2-dimethyl-4-isobutyioxazolidine-5- 
yl]-2-[3-(2-tetrahydropyranyloxy)propylh2-propenoic acid as a colorless oily substance. 

Without purification, this propenotc acid was dissolved in 1 ml of dry dimethylformamide, and 30 ixl 

55 of triethylamine. 50 ul of diphenylphosphorylazide and 20 ul of isobutylamine were added thereto at 
-20 *C under stirring. After stirring ovemight at room temperature. 30 ml of ethyl acetate was added 
thereto. The ethyl acetate layer was washed sequentially with water and a saturated sodium chloride 
aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
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reduced pressure, and the residue was purified by silica gel column chromatography (2 g of Kieselgel 
60) by using a mixture of hexane/ethyl acetate (3/1) to obtain 75 mg of 3-[(4S,5S)-3-ben2y!oxycart>onyl- 
2.2-dimethyl-4-isobutyloxa20lidine-5-yl}-2-[3-(2-tetrahydropyranyloxy)propyl]-2-propenoic acid 
isobutylamide as colorless oily substance. 

5 R,: 0^6 (silica gel plate, developer hexane/ethyl acetate (2/1)) 

c) 75 mg of 3-[4S,5S)-3-benzyloxycarbonyl-2^-dimethyl-4-isobutyloxazondine-5-yl]-2-[3-(2- 
tetrahydropyranyloxy)propyl}-2-pfopenoic acid isobutylamide was dissolved in 1.7 ml of methanol and 
hydrogenated by using palladium black under atomospheric pressure. The reaction mixture was sub- 
jected to filtration, and the solvent was dissolved off from the filtrate under reduced pressure to obtain 

w (2RS,4S,5S)-5-amino-4-hydroxy-2-{3-(2-tetrahydropyranyloxy)propyl)-7-methyl-octanoic acid 
isobutylamide as a colodess oily substance. 

Ri: 0.62 (silica gel plate, developer chloroform/methanol/aqueous ammonia (10/2/0^)) 

(8) (2RS.4S,5S)-5-(L-N-ben2yloxycartx)nylnaphthyialanyl-L-norleucyl)amino-4-hydroxy-2-(3-hydroxypropyl>- 
15 7-methyl-octanoic acid isobutylamide 

a) 59.9 mg of L-N-ben2yloxycart>onylnaphthylalanyl-L-norleucine was dissolved in 0.5 ml of dry dimethyl- 
formamide. Then, 22 ul of triethylamine. 34 iil of diphenylphosphorylazide and a solution prepared by 
dissolving 51 mg of (2RS.4S,5S>-5-amino-4-hydroxy-2-[3-(2-tetrahydropyranyloxy)propyl]-7-methyl-oc- 

20 tanoic acid isobutylamide in 0.5 ml of dry dimethylformamide, were added thereto at -20 'C under 
stinging. The mixture was stirred ovemight at room temperature, and then 25 ml of ethyl acetate was 
added thereto. The ethyl acetate layer was washed sequentially with a 10% citric acid aqueous solution, 
water, a 4% sodium hydrocartx)nate aqueous solution, water and a saturated sodium chloride aqueous 
solution and then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 

25 pressure, and the residue was purified by silica gel column chromatography (4 g of Kieselgel 60) by 
using a mixture of chloroform/methanol (40/1) to obtain 79.5 mg of (2RS.4S,5S)-5-L-N-ben2yloxycar- 
tK)nylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-[3-(2-tetrahydropyranyloxy)propyl]-7-methyl-octanoic 
acid isobutylamide as an oily substance. 

Ri: 0.13 (silica gel plate, developer chlorofonm/methanol (30/1)) 

30 b) 79.5 mg of (2RS,4S^S)-5-L-N-benzyloxycart>onyInaphthylalanyl-L-norleucyI)amino-4-hydroxy-2-[3-(2- 
tetrahydropyranyloxy)propyll-7-methyl-octanotc add isobutylamide was dissolved in 3 ml of a mixture of 
methanoi/ethyl acetate (2/1). and 0.35 ml of IN hydrochloric acid was added thereto under stirring. The 
mixture was stinred at room temperature for 2 hours, and then 10 ml of water was added. The aqueous 
solution was extracted three times with 15 ml of ethyl acetate, and the ethyl acetate layer was washed 

35 sequentially with water and a saturated sodium chloride aqueous solution and then dried over anhydrous 
magnesium sulfate. Then, the solvent was distilled and under reduced pressure. The residue was 
crystallized by using methanolAwater to obtain 59.3 mg of the above-identified compound as a crystalline 
powder. 

Ri: 0.43. 0.40 (silica gel plate, developer chloroform/methanol (10/1)) 

40 Mass spectumn m/z 747 (M+ + 1 ) 

NMR(300MH2. COCIa.appm): 0.82{6H. d. J=6.3Hz). 0.851(3H. t, J = 6.6H2), 0.852(6H. d, 

J=6.0H2). 1.03-1. 78(1 6H. m). 2.18-2.45(1 H. m). 2.89-3.08(2H. m). 
3.28-3.62{5H. m). 3.66-3.89(1 H. m), 4.10-4.20(1 H. m). 4.45-4.58(1 H. 
m). 4.96(2H. s), 7.14.7.37{7H. m). 7.37-7-58(2H. m), 7.72(1 H. d, 
4S J =8.1 Hz). 7.82(1 H. d. J = 8.7Hz). 8.10(1 H. d. J = 8.4Hz) 

EXAMPLE 15 

(1) Ethyl 2-diethylphosphono-4-(2-tetrahydropyranyloxy)butanoate 

50 

a) 2.29 ml of 2-bromoethanol was dissolved in 27.8 ml of dry dichrolomethane. and 7.21 ml of 
dihydropyran and then 48.1 mg of dry p-toluenesulfonic acid were added thereto. The mixture was 
stinred at room temperature for 3 hours. Then, the reaction mixture was partitioned with 150 ml of 
chlorofomn and 75 ml of a 4% sodium hydrogeiM^artwnate aqueous solution. The organic layer was 
ss washed sequentially with water and a saturated sodium chloride aqueous solution and then dried over 
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure. arxJ the residue was 
purified by silica gel column chromatography (50 g of Kieselgel 60) by using a mixture of hexane/ethyl 
acetate (20/1). The product-containing fractions were put together, and the solvent was distilled off under 
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reduced pressure to obtain 5.4 g of 2-bronno-1-(2-tetrahydropyranyloxy)ethane as a oily substance. 

Rt: 0.35 (silica gel plate, developer: hexane/ethyl acetate (10/1)) 
b) 856 nrtg of a sodium hydride dispersion (60% in oil) was washed three times with dry pentane under a 
nitrogen stream to separate the oil. After drying, the powder obtained was suspended in 12. ml of dry 

5 dimethylformamide under a nitrogen stream, and the suspension was cooled to 0 • C. Then, 4.26 ml of 
ethyl diethylphosphonoacetate was dropwise added thereto over a period of one hour. The mixture was 
stirred at room temperature for 30 minutes and cooled to O'C. and 5.4 g of 2-bromo-1-(2- 
tetrahydropyranyloxy)ethane was added thereto. The mixture was stirred at 65 'C overnight, and the 
reaction mixture was poured into 40 ml of water and extracted three times with 20 ml of ethyl acetate. 

w The ethyl acetate layer was washed sequentially with water and a saturated sodium chloride aqueous 
solution and then dried over anhydrous sodium sulfate. The solvent was distilled off under reduced 
pressure, and the residue was separated by silica gel column chromatography (60 g of Kieselgel 60) by 
using a mixture of hexane/ethyl acetate (5/1 followed by 1/1). The product-containing fraction was again 
purified by silica gel column chromatography (110 g of Kieselgel 60) by using a mixture of hex- 

J5 ane/acetone (4/1) to obtain 2.55 g of ethyl 2-diethylphosphono-4-(2-tetrahydropyranyloxy)butanoate as a 
colorless oily substance. 

Rfi 0.28 (silica gel plate, developer: hexane/ethyl acetate (1/5)) 

(2) (2RS.4S.5S)-5-amino-4-hydroxy-2-[2-(2-tetrahydropyranyloxy)ethyl}-7-methyl-octanoic acid isobutylamide 

20 

a) 79.6 mg of lithium chloride was suspended in 5 ml of dry tetrahydrofuran under an argon atmosphere. 
Then, a solution prepared by dissolving 670 mg of ethyl 2-diethylphosphono-4-(2-tetrahydropyranyloxy)- 
butanoate in 0.6 ml of dry tetrahydrofuran. was added thereto under stinring. The mixture was stirred for 
5 minutes at room temperature, and then 1.75 ml of a 20% dry tetrahydrofuran solution of dia- 

25 zabicycloundecene was added thereto. The mixture was stirred for 10 minutes at room temperature. 
Then, a solution prepared by dissolving 506 mg of (4S.5R)-3-ben2yloxycarbonyl-2.2-dimethyl-5-formyl-4- 
isobutytoxazolidine in 1.0 ml of dry tetrahydrofuran. was added thereto, and the mixture was stirred 
overnight at room temperature. The reaction mixture was cooled to 0*C and neutralized with IN 
hydrochloric acid. Then, tfie mixture was extracted three limes with ethyl acetate, and the ethyl acetate 

30 layer was washed sequentially with water and a saturated sodium chloride aqueous solution and then 
dried over anhydrous sodium sulfate. The solvent is distilled off under reduced pressure, and the residue 
was purified by silica gel column chromatography (20 g of Kieselgel 60) by using a mixture of 
hexane/ethyl acetate (10/1) to obtain 550 mg of ethyl 3-[(4S,5S)-3-benzyloxycarbonyl-2.2<limethyl-4- 
isobutyloxa2olidin-5-yll-2-[2-(2-tetrahydropyranyloxy)ethyl)-2-propenoate (E/Z (50/50)) as a colorless oily 

35 substance. 

Ri: 0.21 (silica gel plate, developer: hexane/ethyl acetate (5/1)) 

b) 400 mg of ethyl 34(4S.5S)-3-ben2yk3xycarbonyl-2.2-dimethyM-isobutyloxa2olidin-5-yl]-2-{2-(2- 
tetrahydropyranyloxy)ethyl]-2-propenoate was dissolved in 1.93 ml of an ethanol/water (10/1) solution of 
2N potassium hydroxide, and the solution was stinred overnight at room temperature. 24 ml of water was 

40 added thereto, and the mixture was cooled to 0*C, then neutralized with IN hydrochloric acid and 
extracted three times with 15 ml of ethyl acetate. The ethyl acetate layer was washed sequentially with 
water and a saturated sodium chloride aqueous solution and then dried over anhydrous sodium sulfate. 
Then the solvent was distilled off under reduced pressure to obtain 3-l(4S,5S)-3-benzyloxycartx>nyl-2^- 
dimethyl-4-isobutyloxa2olidin-5-ylh2-{2-(2-tetrahydropyranyloxy)ethyn-2-propenoic acid as a coloriess 

45 oily substance. 

The residue was dissolved in 1 ml of dry dinnethylformamide, and 85.6 ul of isobutylamine. 1 89 ul of 
diphenylphsophoryiazide and 122 ul of triethylamine were added thereto at -10 'C under stirring. The 
mixture was stirred at -10 for one hour and at room temperature overnight Then, 60 mi of ethyl 
acetate was added. The ethyl acetate layer was washed sequentially with a 10% citric acid aqueous 

50 solution, water, a 4% sodium hydrogen carbonate aqueous solution, water and a saturated sodium 
chloride aqueous solution and then dried over anhydrous sodium sulfate. The solvent was distilled off 
unider reduced pressure, and the residue was purified by silica gel column chromatography (20 g of 
Kieselgel 60) by using a mixture of hexane/ethyl acetate (4/1) to obtain 364 mg of 3-I(4S,5S)-3- 
benzyloxycarbonyl-2^-dimethyl-4-isobutyloxazolidin-5-yl}-2-[2-(2-tetrahydropyranyloxy) ethyll-2-pro- 

ss penotc acid Isobutylamide as a colorless oily substance. 

Rf: 0.19 (silica gel plate, developer hexane/ethyl acetate (5/2)) 

c) 101 mg of 3-l(4S.5S>-3-t>enzyloxycarbonyl-2.2-dimethyl-4-isobutyloxazolidin-5-ylh2-{2-(2- 
tetrahydropyranyloxy)ethyl]-2-propenoic acid isobutylamide in 1 ml of ethanol and hydrogenated by 
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using palladium black under atmospheric pressure. The reaction mixture was subjected to filtration, and 
the solvent was distilled off from the filtrate under reduced pressure to obtain 64 mg of (2RS.4S.5S)-5- 
amin(>-4-hydroxy-2-[2-(2-tetrahydropyranyloxy)ethyl]-7-methyl-octanoic acid isobutylamide as a colorless 
oily substance. 

5 R(: 022 (silica gel plate, developer: chlorofonn/methanol/aqueous ammonia (10/0.5/0.2)) 

(3) (2RS.4S.5S)-5-(L-N-benzyloxycarbonylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxyethyl)-7- 
methyl-octanoic acid isobutylamide 

10 a) 64 mg of (2RS.4S,5S>-5-amino-4-hydroxy-2-[2-(2-tetrahydropyranyloxy)ethyl]-7-methyl-octanoic acid 
isobutylamide was dissolved in 0.5 ml of dry dimethylformamide, and 80 mg of L-N-benzyloxycarbonyl- 
naphthylalanyl-L-norleucine, 45al of diphenylphosphorylazide and 29 ul of triethylamine were added 
thereto at -10 *C under stimng. Then, the mixture was stirred at -10 *C for one hour and then at room 
temperature overnight. Then. 50 ml of ethyl acetate was added thereto. The ethyl acetate layer was 

75 washed sequentially with a 10% citric acid aqueous solution, water and a saturated sodium chloride 
aqueous solution and then dried over anhydrous sodium sulfate. The solvent was distilled off under 
reduced pressure, and the residue was purified by silica gel column chromatography (5 g of Kieselgel 
60) by using a mixture of chloroform/methanol (40/1) to obtain 77 mg of (2RS,4S.5S)-5-(L-N-ben2ylox- 
ycarbonylnaphthylalanyl-L-norleucyl)amincM-hydroxy-2-(2-(2-tetrahydropyranyloxy)ethyl]-7-methyl^ 

20 octanoic acid isobutylamide as a colorless powder. 

Rf: 0.38 (silica gel plate, developer: chloroform/methanol (20/1)) 

Mass spectrum: m/2 81 8 (M+ + 1 ) 
b) 76 mg of (2RS,4S.5S)-5-(L-N-ben2yloxycarbonylnaphthylalanyl-L-norieucyl)amino-4-hydroxy-2-[2-(2- 
tetrahydropyranyloxy)ethyl]-7-methyl-octanoic acid isobutylamide was dissolved in 1 .8 ml of a mixture of 

25 methanot/ethyl acetate (5/4). and 0.2 ml of IN hydrochloric acid was added thereto under stirring. The 
mixture was stirred at room temperature for 2 hours, and then 10 ml of water was added thereto. The 
aqueous layer was extracted once with 30 ml and twice with 15 ml of ethyl acetate. The ethyl acetate 
layer was washed sequentially with water and a saturated sodium chloride aqueous solution and then 
dried over anhydrous magnesium sulfate. Then, the solvent was distilled off urxJer reduced pressure, and 

30 the residue was crystallized by using methanol/water to obtain 66 mg of the above-identified compound 
as crystalling powder. 

Rf: 0.47. 0.55 (silica gel plate, developer: chloroform/methanol (10/1)) 

Mass spectrum: m/z 733 (M* + 1 ) 

NMR(300MHz. CD3OD. 5 ppm): 
35 0.85-0.95(1 5H. m), 1.2-1. 78(1 4H, m). 2.44-2.71 (1H. m). 2.89-3.04- 

(2H, m). 3.4-3.6(3H. m), 3.65-3.75(1 H. m), 3.85-3.98(1 H. m). 4.25- 
4.37(1 H. m). 4,52-4.63(1 H. m). 4.96(2H. s), 7.15-7.42(7H. m). 7.43- 
7.6(2H. m), 7.75(1 H. dd. J = 3.0Hz. 6.4H2), 7.85(1 H. d. J = 8.1 Hz). 
8.18(1H.d, J=8.6Hz) 

40 

EXAMPLE 16 

(1) Ethyl 2-diethylphosphono-4,5-0-isopropylidene pentanoate 

45 a) 2.3 g of 3-bromo-1 .2-propanediol was dissolved in 1 1 ml of 2.2-dimethoxypropane, and 125 mg of dry 
p-toluerresulfonic add was added thereto. The mixture was stirred overnight at room temperature, and 
the reaction solution was purified by sifica gel column chromatography (90 g of Kieselgel 60) by using 
hexane/ethyl acetate (20/1) to obtain 2.02 g of 3-bromo-1 .2-Oisopropylidene propane as a pale yellow 
oily substance. 

50 Ri: 0.63 (silica gel plate, developer hexane/ethyl acetate (5/1)) 

b) 428 g of a sodium hydride dispersion (50% in oil) was washed with hexane under an argon stream to 
separate the oil. After drying, the powder obtained was suspended in 3.0 ml of dry dimethylformamide 
under an argon stream and the dispersion was cooled to 0*C. Then. 1.8 ml of ethyl diethylphosphono 
acetate was dropwise added over a period of 30 minutes. The mixture was stirred at room temperature 

55 for one hour and then cooled to 0*C. Then, a solution prepared by dissolving 1.97 g of 3-bromo-1 ,2-0- 
isopropylidene propane in 0.8 ml of dry dimethylfonmamide. was added thereto. The mixture was stinred 
overnight at 65 * C. Then, the reaction mixture was poured into 20 ml of water and extracted three times 
with 20 ml of ethyl acetate. The ethyl acetate layer was washed sequentially with water and a saturated 
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sodium chloride aqueous solution and then dried over anhydrous magnesium sulfate. Then, the solvent 
was distilled off under reduced pressure, and the residue was purified by silica gel column chromatog- 
raphy (20 g of Kieselgel 60) by using hexane/ethyl acetate (2/1) to obtain 760 mg of the above-identified 
compound as a colorless oily substance. 
5 R|: 0.49 (silica gel plate, developer: hexane/ethyl acetate (1/5)) 

(2) (2RS.4S.5S)-5-amino-4-hydroxy-2-(2.3-0-isopropylidenepropyl)-7-methyl-octanoic acid isobutylamide 

a) 68.6 mg of lithium chloride was suspended in 5 ml of dry tetrahydrofuran in an argon stream, and a 
70 solution prepared by dissolving 461 mg of ethyl 2-dlethylphosphono-4,5-0-isopropylidenepentanoate in 

0.6 ml of dry tetrahydrofuran. was added thereto under stirring. The mixture was stirred for 5 minutes at 
room temperature, and then 1 .4 ml of a 20% dry tetrahydrofuran solution of diazabicycloundecene was 
added thereto. The mixture was stirred for 10 minutes at room temperature. Then, a solution prepared by 
dissolving 408 mg of (4S,5R)-3-ben2yloxycarbonyl-2,2-dimethyl-5-formyl-4-isobutyloxazolidine in 1,0 ml 

15 of dry tetrahydrofuran was added thereto, and the mixture was stirred overnight at room temperature. 
The reaction mixture was cooled to 0*C and neutralized with IN hydrochloric acid. Insolubles was 
filtered off. and the solvent was distilled off under reduced pressure. The residue was dissolved in 30 ml 
of ethyl acetate and then washed with water. The aqueous layer was extracted further with 20 ml of ethyl 
acetate. The ethyl acetate layer was washed sequentially with water and a saturated sodium chloride 

20 aqueous solution, and then dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure, and the residue was purified by silica gel column chromatography (8 g of Kezelgale 
60) by using hexane/ethyl acetate (10/1) to obtain 115 mg of the E-isomer, 179 mg of the Z-isomer and 
46 mg of a EZ-mixture of ethyl 3-[(4S.5S)-3-ben2ylozycarbonyl-2,2-dimethyM-isobutyloxa2olidin-5-yl]-2- 
(2,3-0-isopropylidenepropyl)-2-propenoate, respectively, as colorless oily substances. 

25 Rf! E-isomer 0.43, Z-isomer 0.38 (silica gel plate, developer: hexane/ethyl acetate (3/1)) 

b) 115 mg of ethyl 3-[(4S,5S)-3-benzyloxycarbonyl-2,2-dimethyl-4-isobutyloxa2olidin-5-yl>2-(2,3-0- 
isopropylidenepropyl)-2-propenoate (EZ-mixture) was dissolved in 0.3 ml of ethanol, and 0.57 ml of an 
ethanol/water (10/1) solution of 2N potassium hydroxide was added thereto under stirring. The mixture 
was stirred overnight at room temperature, then cooled to 0 • C and neutralized with 1 N hydrochloric add. 

30 Then, 10 ml of water and was added to the reaction mixture, and the mixture was extracted three times 
with 10 ml of ethyl acetate. The ethyl acetate layer was washed sequentially with water and a saturated 
sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure to obtain 3-[{4S.5S)-3-t5enzyloxycarbonyl-2^-dimethyl-4-isobutylox- 
a2olidin-5-yl]-2-(2,3-Oisopropylidenepropyl)-2-propenoic add as a colorless oily substance. 

35 Without purification, the propenoic acid was dissolved in 1 ml of dimethylformamide, and 38 ii\ of 

triethylamine, 60 ul of diphenylphosphorylazide and 27 ii\ of isobutylamide were added thereto at -20 * C 
under stirring. The mixture was stirred overnight at room temperature, and then. 30 ml of ethyl acetate 
was added thereto. The ethyl acetate layer was washed sequentially with water and a saturated sodium 
chloride aqueous solution and then dried over anhydrous magnesium sulfate. The solvent was distilled 

40 off under reduced pressure and the residue was purified by silica gel column chromatography (2 g of 
Kieselgel of 60) by using hexane/ethyl acetate (5/1) to obtain 98 mg of 3-{(4S.5S>-3-benzyloxycarbonyl- 
2,2-dimethyM-isobutyloxa2olidin-5-yl]-2-(2,3-0-isopropyndenepropyl)-2-propeno!C acid isobutylamide as 
a colorless oily substance. 

Rf: 0.20 (silica gel plate, developer: hexane/ethyl acetate (3/1)) 

45 c) 93 mg of 3-[(4S,5S)-3-benzyioxycarlx)nyl-2,2-dinr>ethyl-4-isobutyloxazolidin-5-yl]-2-(2.3-0- 
isopropylider)epropyl)-2-propenoic add isobutylamide was dissolved in 1.5 ml of ethanol and tfien 
hydrogenated by using palladium black urKjer atmospheric pressure. The reaction mixture was subjected 
to filtration, and the solvent was distilled off from the filtrate under reduced pressure to obtain 67 mg of 
the atx3ve-identified compound as a colorless oily substance. 

50 Ri: 0.61 (silica gel plate, developer: chloroform/methanol/ammonia (10/2/0.2)) 

(3) (2RS,4S.5S)-5-(L-N-benzyloxycartx)nylnaphthylalanyl-L-norieucyl)amino-4-hydroxy-2-(2,3-dihydrox- 
ypropyl)-7-methyl-octanoic acid isobutylamide 

S5 a) 81 mg of L-N-benzyloxycarbonylnaphthylalanyl-L-norleucine was dissolved in 0.6 ml of dry dimethyl- 
formamide. and 30 ul of triethylamine, 45 ul of diphenylphosphorylazide and a solution prepared by 
dissolving 67 mg of (2RS,4S.5S)-5-amino-4-hydroxy-2-(2,3-0-isopropylidenepropyl)-7-methyl-octanoic 
add isobutylamide in 0.8 ml of dry dimethylformamide. were added thereto at -20 • C under stirring. The 
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mixture was stirred overnight at room temperature, and then 20 ml of ethyl acetate was added thereto. 
The ethyl acetate layer was washed sequentially with a 10% citric acid aqueous solution, water, a 4% 
sodium hydrogencarbonate aqueous solution, water and a saturated sodium chloride aqueous solution 
and then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, 
and the residue was purified by silica gel column chromatography (4 g of Kieselgel 60) by using 
chloroform/methanol (40/1) to obtain 93 mg of (2RS,4S,5S)-5-(L-N-t>en2yloxycarbonylnaphthylalanyl-L- 
norleucyl)amino-4-hydroxy-2-(2,3-0-isopropylidenepropyl)-7-methyl-octanoic acid isobutylamide as a 
colorless powder. 

Ri: 0^3 (silica gel plate, developer: chlorofomn/methanol (30/1 )) 
b) 93 mg of (2RS,4S,5S)-5-(L-N-benzyloxycarbonylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2.3-0- 
isopropylidenepropyl)-7-methyI-octanoic acid Isobutylamide was dissolved in 3.5 ml of a mixture of 
methanol/ethyl acetate (5/2), and 0.4 ml of IN hydrochloric acid was added thereto under stirring. The 
mixture was stirred at room temperature for one hour, and then. 10 ml of water was added thereto. The 
aqueous layer was extracted three times with 20 ml of ethyl acetate. The ethyl acetate layer was washed 
sequentially with water and a saturated sodium chloride aqueous solution and then dried over anhydrous 
magnesium sulfate. Then, the solvent was dissolved off under reduced pressure, and the residue was 
crystallized by using methanol/water to obtain 79 mg of the above-identified compound as a crystalline 
powder. 

R(: 0.19, 0^2 (silica gel plate, developer: chloroform/methanol (10/1)) 

Mass spectrum: m/z 763 (M* + 1) 

EXAMPLE 17 

(1 ) L-N-phenoxyacetylphenylalanyl-L-histidine 

a) 3.1 g of L-phenylalanine was dissolved in 30 ml of a mixture of dioxane/water (1/1), and 2.33 g of 
sodium carbonate was added thereto under stirring. The mixture was cooled to 0*C, and then 2.85 ml of 
phenoxy acetyl chloride was added thereto. The mixture was stirred at room temperature for 3 hours, and 
insolubles were filtered off. The filtrate was adjusted to pH4 with IN hydrochloric acid and then extracted 
once with 300 ml and once with 200 ml of ethyl acetate. The ethyl acetate layer dried over anhydrous 
magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain 1.26 g of L-N- 
phenoxyacetylphenylalanine as a white solid substance. Further, the aqueous layer was again adjusted to 
pH4 with 1 N hydrochloric acid, and the precipitated desired product was collected by filtration to obtain 
0.93 g of the compound. The filtrate was again adjusted to pH4, followed by the same treatment to 
obtain 3.05 g of the same compound as precipitates. 

b) 1.16 g of L-N-phenoxyacetylphenylalanine was dissolved in 10 ml of dry dimethylformamide, and 0.65 
ml of triethylamine, 1.0 ml of diphenylphosphorylazide and a mixture obtained by suspending 0.99 g of 
L-histidine methylester dihydrochloride in 10 ml of dry dimethylformamide (containing 1.14 ml of 
triethylamine), were added thereto at -15*C under stining. The mixture was stin-ed overnight at 5*C, and 
the solvent was distilled off under reduced pressure. The residue was dissolved in 200 ml of ethyl 
acetate and then washed sequentially with water, a potassium hydrogensulfate aqueous solution, water, a 
4% sodium hydrogencart)onate aqueous solution, water and a saturated sodium chloride aqueous 
solution, and then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure, and precipitated crystals were collected by filtration and washed with ethyl ether to obtain 300 
mg of L-N-phenoxyacetylphenylalanyl-L-histine methyl ester as a pale yellow solid. The solverrt was 
distilled off from the filtrate under reduced pressure, and the residue was purified by silica gel column 
chromatography (Kieselgel 60) by using chloroform/methanol (30/1) to 5/1) to obtain 80 mg of the same 
compound. 

Rf: 0,52 (silica gel plate, developer: chlorofomn/methanol (5/1) 

c) 203 mg of L-N-phenoxyacetylphenylalanyl-L-histidine methyl ester was dissolved in 1 .0 ml of ethanol, 
and 1.2 ml of an ethanol/water (10/1) solution of 2N potassium hydroxide was added thereto under 
stirring. The mixture was stinred overnight at room temperature, then, cooled to 0*C and neutralized with 
IN hydrochloric acid. The solvent was distilled off from the reaction mixture under reduced pressure to 
obtain 96 mg of the above-identified compound as a pale yellow solid substance. 



28 



EP 0 264 106 B1 



(2) (2RS.4S.5S)-5-(L-N-phenoxyacetylphenylalanvl-L-histidyl)amino-4-hydroxy-2-{3-hydroxy^ 
octanoic acid isobutylamide 

a) 61 mg of L-N-phenoxyacetylphenylalanyl-L-histidine was dissolved in 0.5 ml of dry dimethylfor- 
5 mamide, and 45 ul of triethylamine, 35 ul of diphenylphosphorylazide and a nnixture obtained by 

dissolving 59 mg of (2RS.4S,5S)-5-amino-4-hydroxy-2-I3-(2-tetrahydropyranyloxy)propyl]-7-melhyl-oc- 
tanoic acid isobutylamide in 0.5 ml of dry dimethylformamide, were added thereto at -20 'C under 
stirring. The mixture was stirred at the same temperature for two hours at 5*C overnight and then 
concentrated under reduced pressure. Then, 20 ml of ethyl acetate was added. The ethyl acetate layer 

10 was washed sequentially with a 10% citric acid aqueous solution, water, a 4% sodium hydrogencar- 
bonate aqueous solution, water and a saturated sodium chloride aqueous solution and then dried over 
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the 
residue was purified by silica gel column chromatography (4 g of Kieselgel 60) by using chlo- 
roform/methanol (20/1) to obtain 52 mg of (2RS.4S.5S)-5-{L-N-phenoxyacetylphenylalanyl-L-histidyl)- 

75 amino-4-hydroxy-2-[3-(2-tetrahydropyranyioxy)-propylh7-methyk>ctanoic acid isobutylamide as a color- 
less powder. 

Ri: 0.63 (silica gel plate, developer: chloroform/methanol (5.1)) 

b) 52 mg of (2RS.4S.5S)-5-(L-N-phenoxyacetylphenylalanyl-L-histidyl)amino-4-hydroxy-2-{3-(2- 
tetrahydropyranyloxy)propyl-7-methyl-octanoic acid isobutylamide was dissolved in 2 ml of methanol. 

20 and then, 0.22 ml of IN hydrochloric acid was added thereto under stiaing. The mixture was stin^d 
overnight at room temperature, and then 10 ml of water was added thereto. The aqueous layer was 
extracted twice with 20 ml of ethyl acetate. The ethyl acetate layer was washed sequentially with water 
and a saturated sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate. 
Then, the solvent was distilled off under reduced pressure, and precipitated crystals were washed with 

25 ethyl acetate to obtain 6 mg of the atxjve-identified compound as colorless crystals. To the aqueous 
layer, sodium chloride was added, and precipitated crystals were collected by filtration to obtain 9 mg of 
the above-identified compound. Further, the filtrate was extracted twice with 20 ml of ethyl acetate. The 
ethyl acetate layer was dried over anhydrous magnesium sulfate. Then, the solvent was distilled off 
urKJer reduced pressure to obtain 14 mg of the above-identified compound. 

30 Rf! 0.45 (silica gel palte, developer: chloroform/methanol (5/1)) 

EXAMPLE 18 

(1) Ethyl 2-diethylphosphono-4-(2-tetrahydropyranyloxy)pentanoate 

35 

a) 5.0 ml of 1-bromo-2-propanol was dissolved in 40 ml of dry dichloromethane, and 7.6 ml of 2,3- 
dihydropyran and 237 mg of dry p-toluenesulfonic acid were added thereto. The mixture was reacted at 
room temperature for 5 hours and then diluted by an addition of 250 ml of chloroform. The mixture was 
washed sequentially with a 4% sodium hydrogencartxnate aqueous solution and a saturated sodium 

40 chloride aqueous solution. Then, the chloroform layer was dried over anhydrous magnesium sulfate. After 
filtering the Inorganic salt off, the filtrate was concentrated under reduced pressure to obtain a brown 
syrup. This syrup was purified by silica gel flash column chromatography (130 g of Wacogel C-300) and 
eluted with hexane/ethyl acetate (15/1). The etuate containing the desired product was collected and 
concentrated under reduced pressure to obtain 11.3 g of 1-bromo-2-(tetrahydropyran-2-yl)oxypropane as 
45 a colorless transparent volatile syrup. 

NMR(60MH2, CDCb. 5 ppm): 1 .0-2.0(9H. m). 3.2-4.8(5H. m), 4.7(1 H. br) 

Ri: 0.34 (silica gel plate, developer hexane/ethyl acetate (15/1)) 

b) 1 .2 g of sodium hydride (60% in oil) was washed a few times with dry hexane and quickly dried by 
blowing an argon stream. After being dried completely, it is sealed under an argon stream. Then, 15 ml 

50 of dry dimethylformamide was added thereto, stin*ed and suspended. Then, 5.8 ml of ethyl diethyl- 
phosphono acetate was gradually dropwise added thereto under cooling with ice. The mixture was stinred 
at room temperature for 30 minutes. Then, a solution prepared by dissolving 9.7 g of 1-bromo-2- 
(tetrahydropyran-2-yl)oxypropar>e in 0.5 ml of dry dimethylformamide was gradually dropwise added 
again under cooling with ice. The ice bath was removed, and the mixture was stirred at room 

55 temperature for 10 minutes. Then, the stirring was continued at 45 overnight and at 55 • C for 4 hours. 
The reaction solution was diluted with 500 ml of water and extracted with 500 ml of ethyl acetate. TTie 
ethyl acetate extract thus obtained was washed with 500 ml of a saturated sodium chloride aqueous 
solution. The ethyl acetate layer was separated, then dried over anhydrous magnesium sulfate and 
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cencentrated under reduced pressure. A syrup thus obtained was purified by silica gel flash colunr>n 
chromatography (125 g of Wacogel C-300, developer: hexane/ethyl acetate (2/1 to 1/2)), Among the 
eluted fractions in which the desired product and the starting material were not separated, were put 
together, concentrated and again purified by silica gel flash chromatograph (35 g of Wacogel C-300. 
5 developer: hexane/ethyl acetate (1/2)). The fractions containing the desired product obtained by the two 
operations of purification, were put together, concentrated and dried under reduced pressure to obtain 
2.4 g of ethyl 2-diethylphosphono-4-(tetrahydropyran-2-yloxy)pentanoate. 
R,: 0.46 (silica gel plate, developer: hexane/ethyl acetate (1/5)) 

10 (2) (2RS.4S.5S)-5-amino-4-hydroxy*2-[2-(2-tetrahydropyranyloxy)propyll-7-methyl-octanoic acid 

isobutylamide 

a) 68 mg of lithium chloride was suspended in 5 ml of dry tetrahydrofuran under an argon stream. Then, 
a solution prepared by dissolving 0.53 g of 2-diethylphosphono-4-(tetrahydropyran-2-yloxy)pentanoic acid 

15 in 1 .0 ml of dry tetrahydrofuran, was dropwise added thereto under stirring. The mixture was stirred for 5 
minutes, and 0.55 ml of a dry tetrahydrofuran solution of diazabicycloundecene (1/1) was gradually 
added thereto. The mixture was stirred at room temperature for 10 minutes. Then, a solution prepared by 
dissolving 385 mg of (4S,5S)-3-ben2yloxycartx)nyl-4-isobutyl-5-formyl-2.2-dimethyloxa2olidine in 2,0 ml 
of dry tetrahydrofuran. was gradually dropwise added thereto. The mixture was stirred overnight at room 

20 temperature. Then, after filtering precipitated inorganic salt off, the reaction solution was neutralized with 
IN hydrochloric acid. The reaction solution was concentrated under reduced pressure, and a syrup 
thereby obtained was dissolved in 50 ml of t>enzene, then washed sequentially with 50 ml of water and 
50 ml of a saturated sodium chloride aqueous solution and then dried over anhydrous magnesium 
sulfate. After filtering the inorganic salt off, the filtrate was concentrated under reduced pressure, and a 

25 syrup thereby obtained was purified by silica gel flash column chromatography (Kieselgel (E. Merck Art. 
9385). developer: hexane/ethyl acetate (10/1)). The fraction containing the desired product was con- 
centrated and dried under reduced pressure to obtain 454 mg of ethyl 3-[(4S.5S)-3-t>enzyloxycarbonyf-4- 
isobutyl-2.2-dimethyloxa20lidin-5-yl]-2-(2-{2-tetrahydropyranyloxy)-propylh2-pentenoate as a cotoriess 
transparent syrup. 

30 NMR(60MH2. CDCI3. 5 ppm): 0.6-1. 0(6H, m), 1. 0-1. 9(21 H. m). 2.5(2H. m), 3^-4.1 (4H. m). 4.2(2H. 

q, J = 7Hz). 4.6(1 H. br), 5.1 (2H. s), 6.00(0.5H, br). 6.8(0.5H, d, 
J = 9H2) 

Mass spectrum: m/z 532(M+ + 1). 530(M+ - 1). 430. 390 

R,: 0.55 (silica gel plate, developer: hexane/ethyl acetate (3/1)) 

35 b) 400 mg of ethyl 3-[(4S,5S)-3-benzyloxycartx)nyl-4-isobutyl-2.2-<Jimethyloxazolidin-5-ylh2-(2-(2- 
tetrahydropyranyloxy)propyll-2-pentenoate was dissolved in 1 ml of an ethanol/water (10/1) solution. 
Then. 1.9 ml of an ethanol aqueous solution (ethanol/water (10/1)) of 2N potassium hydroxide was added 
thereto, and the mixture was stinred overnight at room temperature. Then, the mixture was cooled to 0*C 
and adjusted to pH5 with IN hydrochloric acid. The reaction solution was diluted with 40 ml of water and 

40 then extracted with 50 ml of ethyl acetate. The ethyl acetate layer thus obtained was washed with 40 ml 
of a saturated sodium chloride aqueous solution and then dried over anhydrous magnesium sulfate. After 
filtering the inorganic salt off, the filtrate was concentrated and dried under reduced pressure to obtain a 
syrup of 3-{(4S,5S>->benzyloxycarbonyM-isobutyl-2.2-dimethyloxa2olidin-5-ylh2-[2-(2- 

tetrahydrbpyranyloxy)propyl]-2-pentenoic acid. This syrup was further dried under reduced pressure for a 

45 few hours and then dissolved in 5 ml of dry dimethylformamide. arxj then 0.14 ml of triethylamine was 
added thereto. The mixture was cooled to -15* C. Then, 0.21 ml of diphenylphosphorylazide was added 
to the reaction solution, and the mixture as stirred for 5 minutes. Then. 0.14 ml of isobutylamine was 
added thereto, and the mixture was stirred at -1 5 • C for one hour and then at 5 * C overnight Then, the 
reaction solution was concentrated at room temperature under reduced pressure to obtain a syrup. The 

50 symp was dissolved in 50 ml of benzene. The solution was washed sequentially with 40 ml of each of a 
5% potassium hydrogensulfate aqueous solution, a 4% sodium hydrogencart>onate aqueous solution and 
a saturated sodium chloride aqueous solution. The organic layer was separated and dried over 
anhydrous magnesium sulfate. After filtering the in organic salt off, the filtrate was concentrated under 
reduced pressure, and a syrup thereby obtained was purified by silica gel flash column chromatography 

55 (Kieselgel (E. Merck Art. 9385), developer hexane/ethyl acetate (3/1 )). The eluted fraction containing the 
desired product was concentrated and dried under reduced pressure to obtain 310 mg of 34(4S.5S)-3- 
ben2yloxycart)onyl-4-isobutyl-2,2-dimethyloxazolidin-5-yl}-2-{2-(2-tetrahydropyranyloxy)propyll-2- 
propenoic acid isobutylamide as a coloriess transparent syrup. 
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Mass spectrum: m/z 559(M* + 1), 543(M-'— CH3), 

CH, 
I ^ 

501 (M CH^ CH CH3 ) 

Ri: 0.27 (silica gel plate, developer: hexane/ethyl acetate (3/1)) 

c) 254 mg of 3-[(4S,5S)-3-benzyloxycarbonyl-4-isobutyl-2,2-dimethyloxazolidin-5-yll-2-[2-(2- 
tetrahydropyranyloxy)propyl]-2-propenoic acid isobutylamide was dissolved in 3 ml of ethanol. Then, a 
palladium black catalyst was added thereto, and hydrogen was continuously blown into the solution 
under atmospheric pressure for 4 hours. Then, the catalyst was filtered off, and a fresh palladium black 
catalyst was added. Then, hydrogen was continuously brown into the solution for further 4 hours. The 
catalyst was filtered off, and the reaction solution was concentrated and dried under reduced pressure to 
obtain 180 mg of (2RS,4S.5S)-5-amino-4-hydroxy-2-(2-(2-tetrahydropyranyloxy)propyl]-7-methyl-octanoic 
acid isobutylamide as a solid substance. 

Mass spectrum: m/z 387 (M+ + 1). 343, 329, 303, 285 

Rf: 0.35 and 0.43 (silica gel plate, developer: chloroform/methanol/concentrated am- 

monia (20/0.5/0.2)) 

(3) (2RS,4S,5S)-5-(L-N-benzyloxycarbonylnaphthylalanyl'L-norleucyl)amino-4-hydroxy-2-(2-hydroxy propyl)- 
7-methyl-octanoic acid isobutylamide 

a) 55 mg of L-N-benzyloxycarbonylnaphthylalanyl-L-norleucine was dissolved in 1 ml of dry dimethylfor- 
mamide. Then, 0.02 ml of triethylamine and 0.04 ml of diphenylphosphorylazide were added thereto at- 
20 'C under stirring. 5 Minutes later, a dry dimethylfonmamide solution (0.5 ml x 2) of 111 mg of 
(2RS.4S,5S)-5-amino-4-hydroxy-2-(2-(2-tetrahydropyranyloxy)propyl]-7-methyl-octanoic acid 
isobutylamide was added thereto at -20*C under stirring. The mixture was stirred at -20 'C for one hour 
and then at 5*C overnight. Then, the reaction solution was concentrated at room temperature urxler 
reduced pressure to obtain a syrup. The syrup was dissolved in 10 ml of ethyl acetate. The ethyl acetate 
layer was washed sequentially with 8 ml of each of 5% potassium hydrogensulfate aqueous solution, a 
4% sodium hydrogencarbonate aqueous solution and a saturated sodium chloride aqueous solution and 
then dried over anhydrous magnesium sulfate. After filtering the inorganic salt off, the filtrate was 
concentrated under reduced pressure to obtain a solid, which was then purified by silica gel column 
chromatography (10 g of Kieselgel (E. Merck Art. 7734), developer chlorofomn/methanol (40/1)). The 
eluted fraction containing the desired product was concentrated and dried under reduced pressure to 
obtain 80 mg of (2RS.4S,5S)-5-<L-N-t>en2yloxycartx>nylnaphthyialanyl-L-norieucyl)-amino-4-hydroxy-2-[2- 
(2-tetrahydropyranyloxy)propyl]-7-methyl-octanoic acid isobutylamide as a white solid substance. 

Rfi 0.28 (silica gel plate, developer chlorofonm/methanol (30/1)) 

b) 80 mg of (2RS.4S.5S)-5-(L-N-benzyloxycarbonylnaphthylalanyl-L-norleucyl)amirK>-4-hydroxy-2-[2^ 
tetrahydropyranyloxy)propylJ-7-methyl-octanoic acid isobutylamide was dissolved in a mbcture compris- 
ing 1 ml of methanol and 0.8 ml of ethyl acetate. Then, 2.0 ml of IN hydrochloric add was added 
thereto, and the mixture was reacted at room temperature for 2 fK>urs to remove the tetrahydropyranyl 
group. The reaction soltuion was neutralized with a 1M sodium hydrogencartx}nate aqueous solution 
under coolir>g with ice and concentrated under reduced pressure to obtain an aqueous solution- Tlien. 5 
ml of cokJ water was added thereto, and precipitated crystals were aged under cooling with ice. The 
crystals were collected by filtration and dried under reduced pressure to obtain 68 mg of (2RS.4S,5S)-5- 
(L-N-ben2yloxycarbonylnaphthylalany!-L-norieucyl)amino-4-hydroxy-2-(2-hydroxypropyl)-7-methyl- 
octanoic acid isobutylamide. 

NMR(300MHz. CDCI3. 5 ppm): 2.5-2.9(1 H. m), 3.08(2H. m). 3.48-4.7(5H). 4.1 6(1 H. m), 4.51 (1H. m). 

5.05(2H, m) 

Mass spectrum : m/z 747(M++ 1). 746(M+ 

Rf: 0.54, 0.60 (silica gel plate, developer chloroform/methanol (10/1)) 
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EXAMPLE 19 

(2RS.4S,5S)-5-(L-naphthylalanyl-L-norleucyl)amincH4-hydroxy-2-(2'hydroxypropyl)-7-meth acid 
isobutylamide monohydrochloride 

116 mg of {2RS.4S,5S)-5-(L-N-ben2y loxy cajixiny Inaphthylalany i-L-nof leucyl)amincH4-hydroxy-2^ 
hydroxypropyl)-7-methyl-octanoic acid isobutylamide obtained in Example 14 (8) was dissolved in 8 ml of 
methanol. A few mg of a palladium black catalyst was added thereto, and hydrogen was continuously blown 
into the solution for 5 hours. Then, the catalyst was filtered off, and 0.8 ml of 0.2N hydrochlolic acid was 
gradually dropwise added to the reaction solution under cooling with ice to bring the pH to 5. The reaction 
solution was concentrated under reduced pressure, and a syrup thereby obtained was dissolved in ethyl 
ether. The solution was concentrated to dryness under reduced pressure and further thoroughly dried under 
reduced pressure. The obtained solid was recrystailized from a mixture of methanol/ethyl ether/benzene. 
The crystals were collected by filtration and dried to obtain 73 mg of (2RS.4S.5S)-5-(L-naphthylalanyl-L- 
norleucyl)amino-4-hydroxy-2-(2-hydroxypropyl)-7-methyl-octanoic acid isobutylamide monohydrochloride as 
white crystals. 

Mass spectrum: m/z 613 (M+ + 1) 

Rt: 0.41, 0.47 (silica gel plate, developer: chloroform/methanol (10/1)) 

EXAMPLE 20 

(2RS,4S,5S)-5-(L-naphthylalanyl-L'norleucyl)amino-4'hydroxy-2-(2-hydroxyethyl>-7-methyl-octanoic acid 
isobutylamide monohydrochloride 

18.9 mg of (2RS.4S,5S)-5-(L-N-ben2yloxycarbonylnaphthylalanyl-L-norIeucyl)amino-4-hydroxy-2-(2- 
hydroxyethyl)-7-methyl-octanoic acid isobutylamide was dissolved in 0.5 ml of methanol and then hydroge- 
nated by using palladium black as a catalyst under atmospheric pressure. The reaction mixture was 
subjected to filtration, and the solvent of the filtrate was distilled off under reduced pressure to obtain 1 4,7 
mg of (2RS,4S,5S)-5-(L-naphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxyethyl)-7-methyl-octanoic 
acid isobutylamide. This product was dissolved in 1 ml of methanol, and 0.245 ml of 0.1 N hydrochloric acid 
was added thereto. The solvent was distilled off under reduced pressure to obtain 15.3 mg of (2RS.4S.5S>- 
5-<L-naphthyialanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxyethyl)-7-methyl-octanoic acid isobutylamide 
monohydrochloride as a colorless powder. 

Rt: 0.33. 0.37 (silica gel plate, developer: chlorofonm/methanol (10/1)) 

EXAMPLE 21 

(2RS.4S,5S)-5-<L'naphthylaianyl-L-nor1eucyl)amino-4'hydroxy-2*(3-hydroxypropyl>-7-methyl-octanoic add 
isobutylamide monohydrochloride 

20 mg of (2RS,4S,5S>-5-(L-N-ben2ytoxycartx)nylnaphthylalanyl-L-norteucyl)amino-4-hydroxy-2-<3- 
hydroxypropyl)-7-methyl-octanoic add isobutylamide was dissolved in 0.6 ml of ethanol and then hydroge- 
nated in the presence of palladium black at room temperature under atmospheric pressure. The catalyst 
was filtered off, and the solvent was distilled off under reduced pressure. Then. 1 .0 ml of nr>ettianoi and 0.25 
ml of 0.1 N hydrochloric add were added to the residue. The solvent was distilled off under reduced 
pressure, and the residue was crystallized from ethyf ether to obtain 15.7 mg of (2RS.4S.5S)-5-(L- 
naphthylalanyl-L-norteucy!)amirK>-4-hydroxy-2-(3-hydroxypropyl)-7-methy!-octanoic add isobutylamide mon- 
ohydrochloride as a coloriess powder. 

Ri: 0.08 (silica gel plate, developer: chloroform/methanol (20/1 )} 

Mass spectrum: m/z 613 (M* + 1) 

EXAMPLE 22 

(2RS.4S,5S)-5-<L-naphthylalanyl-L-norleucyl)amincHl-hydroxy-2-(2.3-dihydroxypropyl)-7HTiethyl-octanoic 
acid isobutylamide monohydrochloride 

21 mg of (2RS,4S,5S)-5-(L-N-benzyloxycartK>nylnaphthylalanyl-L-norieucyl)amino-4-hydroxy-2-(2,3- 
dihydroxypropyl)-7-methyl-octanoic acid isobutylamide was dissolved in 1.0 ml of ethanol and then 
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hydrogenated in the presence of palladium black at room temperature under atmospheric pressure. The 
catalyst was filtered off. and the solvent was distilled off under reduced pressure. 1 .0 ml of methanol and 
0.27 of 0.1 N hydrochloric acid were added to the residue. The solvent was distilled off under reduced 
pressure, and the residue was crystallized from ethyl ether to obtain 18.8 mg of (2RS.4S,5S)-5-{L- 
5 naphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2.3-dihydroxypropyl>-7-methyl-octanoic acid isobutylamide 
monohydrochloride as a colorless powder. 

Rfi 0.17 (silica gel plate, developer: chloroform/methanol (10/1)) 

EXAMPLE 23 

10 

(2R$.4S,5S)-5-(L-N-methylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-{2-hydroxypropyl)-7-methyl- 
octanoic acid isobutylamide 

a) 17.1 mg of (2RS.4S,5S)-5-(L-naphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxypropyl)-7-meth- 
/5 yl-octanoic acid isobutylamide was dissolved in methanol, and 29.6 mg of benzaldehyde was added 

thereto at O'C under stirring. The mixture was stirred at room temperature for 1 hour. The mixture was 
cooled again to 0*C, and a methanol solution of 17,5 mg of sodium cyanoborohydride was added 
thereto. The pH of the reaction solution was adjusted to 5 with 0.1 N hydrochloric acid, and the mixture 
was stirred at room temperature for 1 hour. The pH of the reaction solution was adjusted to 9 with a 

20 saturated sodium hydrogencarbonate aqueous solution, and the reaction solution was extracted with ethyl 
acetate. The ethyl acetate layer was washed with water and a saturated sodium chloride aqueous 
solution, and then the solvent was dissolved off under reduced pressure. The residue thus obtained was 
purified by silica gel column chromatography (Kieselgel 60) by using a mixture of chloroform/methanol 
(20/1) to obtain 15.1 mg of (2RS,4S.5S)-5-(L-N-ben2ylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2- 

25 hydroxypropyl)-7-methyl-octanoic acid isobutylamide. 

Rf: 0.36, 0.27 (silica gel plate, developer: chloroform/methanol (10/1) 

NMR(300 r^Hz, CDCI3, 5 ppm): 

0.8-1.0(12H). 1.15-1.47(8H). 1.48-2.0(12H), 2.7(1H. m). 2.91-3.11- 
(3H. m). 3.32(3H. m). 3.52-3.68(3H. m). 3.74-3.96(3H. m). 4.39(1 H. 
30 m). 6.84(2H. m). 7.1 (3H. m). 7.39(1 H. t. J = 7.5H2). 7.5(2H, m). 7.8- 

(1H. d. J = 8H2). 7.88(1 H. m). 7.97(1 H. m). 8.08(1 H. m) 
Mass spectrum: m/z 703 (M* + 1 ) 

b) 22 mg of (2RS.4S,5S)-5-(L-N-benzylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxypropyl)- 
7-methyl-octanoic add isobutylamide was dissolved in methanol, and 30.7 ul of a 37% formaldehyde 

35 aqueous solution was added at room temperature under stirring. The mixture was stirred for 1 hour, arid 
a methanol solution of 19.7 mg of sodium cyanotwrohydride was added thereto. The pH of the reaction 
solution was adjusted to 4 with 0.1 N hydrochloric add at 0*C. The mixture was stirred at room 
temperature for 1 .5 hours, and the pH of the reaction solution was adjusted to 2 with 8.7N acetic add at 
0*C. Then, the solution was adjusted to pH9 with saturated sodium hydrogencartwnate aqueous solution 

40 and then extracted with ethyl acetate. The ethyl acetate layer was washed with water and a saturated 
sodium chloride aqueous solution and then dried over anhydrous sodium sulfate. Then, ttie sulfate was 
distilled off under reduced pressure to obtain 20.1 mg of (2RS.4S.5S)-6-(L-N-methyl-N-t)enzylnaph- 
thylalanyl-L-fK)rleucyl)amino-4-hydroxy-2-(2-hydroxypropyl)-7-methyl-octanoic acid isobutylamide. 
Ri: 0.39. 0.29 (silica gel plate, developer: chloroform/methanol (10/1)) 

45 Mass spectrum: m/z 716 (M^). 739 (M+ + Na) 

NMR(300 MHz. CDCI3, 5 ppm): 

0.76-1 .0(1 2H, m), 1.1-2.0(20H). 2.40-2.57(3H, m). 2.68(1 H. m). 
3.02(2H. m). 3.21-4.0(8H. m). 4.28(1 H. m), 6.87(2H, m). 7.15(3H. 
m), 7.3-7.53(4H. m). 7.75(1 H. m). 7.87(1 H. m). 8.01 (1H. m) 
50 c) 5.2 mg of {2RS.4S.5S)-5-<L-N-methy»-N-ben2ylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2- 
hydroxypropyl)-7-methyl-octanoic acid isobutylamide was dissolved in methanol, and 73 ul of 0.1 N 
hydrochloric acid was added thereto. The solution was hydrogenated by using palladium black under 
atmospheric pressure. The reaction mixture was subjected to filtration, and the solvent of the filtrate was 
dissolved off under reduced pressure. The residue was purified by silica gel colum chromatography 
55 (Kieselgel 60) by using a mixture of chloroform/methanol (10/1) to obtain 2.7 mg of (2RS,4S.5S)-5-(L-N- 
methylnaphthylalanyl-L-norleucyl)-amino^hydroxy-2-<2-hydroxypropyl)-7-methyl-octanoic acid 
isobutylamide. 

Rf: 0.28. 0.25 (silica gel piate. developer: chlorofornn/methanol (10/1)) 
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Mass spectrum: m/z 627 (M+ + 1) 

NMR(300 MHz, CDCI3, 5 ppm): 

0.78-1.0(12H, m). 1.12-1.44(8H, m). 1.44-1. 97(1 2H. m). 2.11-2.4- 
(3H). 2.51-2,73(1H, m) 2.92-3.14(3H. m). 3.41(1H. m). 3.54-3.94- 
5 (4H), 4.35(1 H. m), 7.3(1 H. m). 7.4(1 H. m), 7.53(2H, m). 7.78(1 H, 

m), 7.88(1 H, m). 8.17(1 H. m) 

EXAMPLE 24 

^0 (1 ) (2RS,4S,5S)-5-annino-4-hydroxy-2-[2-(2-tetrahydropyranyloxy)ethyl]-7-methyl-octanoic acid methylamide 

a) 58.3 mg of ethyl 3-[(4S,5S)-3-benzyloxycarbonyl-4-isobutyl-2,2-diemthyloxazolidin-5-yl]-2-[2-(2- 
letrahydropyranyloxy)ethyl]-2-propenoate was dissolved in 0282 ml of an ethanol/water (10/1) solution of 
2N potassium hydroxide, and the mixture was stirred overnight at room temperature. Then, 6 ml of water 

15 was added thereto and neutralized with IN hydrochloric add. After the neutralization, the mixture was 
extracted with ethyl acetate. The ethyl acetate layer was washed wHh water and a saturated sodium 
chloride aqueous solution and then dried over anhydrous sodium sulfate. The solvent was distilled off 
under reduced pressure to obtain 56 mg of 3-[(4S,5S)-3-benzyloxycarbonyl-4-isobutyl-2^-dimethylox- 
azolidin-5-yl]-2-[2-(2-tetrahydropyranyioxy)ethyl]-2-propenoic acid as a colorless oily substance. 

20 Ri: 0.39 (silica gel plate, developer chlorofomn/methanol/acetic acid (10/0.5/0.1) 

b) 45 mg of 3-[(4S.5S>-3-t)enzyloxycarbonyl-4-isobutyl-2,2-dimethyloxazolidin-5-ylh2-I2-{2- 
tetrahydropyranyloxy)ethyl]-2-propenoic acid was dissolved in 0.3 ml of dry dimethylformamide, and 3.71 
mg of methylamide, 32.9 mg of diphenylphosphorylazide and 12.1 mg of triethylamine were added 
thereto at -10 'C under stirring. Then, the mixture was stirred at -10 'C for one hour and at room 

25 temperature overnight. To the reaction solution. 20 ml of ethyl acetate was added. The ethyl acetate 
layer was washed sequentially with a 10% citric acid aqueous solution, water, a 4% sodium hydrogen- 
cart»onate aqueous solution, water and a saturated sodium chloride aqueous solution and then dried over 
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, and the residue was 
purified by silica gel column chromatography (Kieselgel 60) by using a mixture of chloroform/methanol 
30 (5/1) to obtain 17.5 mg of 3-[(4S,5S)-3-benzyloxycarit)onyl-4-isobutyl-2.2-dimethyloxazolldin-5-yl]-2-[2-(2- 
tetrahydropyranyIoxy)-ethyll-2-propenoic acid methylamide as a colorless oily substance. 

Rf: 0.34, 0.25 (silica gel plate, developer chloroform/ethyl acetate (5/2)- 

) 

NMR{60 MHz. ODOz, 5 ppm): 
35 0.65-1.0(6H. m). 1.19-1.81(15H). ^15-2.7(2H). 2.81(3H, m), 3.17- 

4.02(5H), 4.4-4.7(2H. m). 5.1 (2H. S), 5.74(0.5H. d, J = 9H2). 6.5(0.5H, 
d. J = 9H2), 6.7(1 H. m). 7.3(5H. s) 

c) 29.2 mg of 3-[(4S.5S)-3-l)en2yloxycarbonyl-4-isobutyl-2.2-dimethyloxa2olidin-5-y!h2-I2-(2- 
tetrahydropyranyloxy)ethyll-2-propenoic acid methylamide was dissolved in ethanol and then hydroge- 

40 nated by using palladium black as a catalyst under atmospheric pressure. The reaction mixture was 
subjected to filtration, and the solvent of the filtrate was distilled off under reduced pressure to obtain 
19.2 mg of (2RS,4RS.5S)-5-amino-4'hydroxy-2-[2-(2-tetrahydropyranyioxy>-ethyIl-7-methyl-octanoic add 
methylamide. 

Rf: 0.32 (silica gel plate, developer chlorofomn/methanol/aqueous ammonia (10/0.5/0.2) 

45 

(2) (2RS,4S.5S>-5-(L-N-benzyloxycartK)nylnaphthylatanyhL-norleucyl)amino-4-hydroxy-2-(2-hyd^ 
methyh-octanoic add methylamide 

a) 19.2 mg of (2RS.4S,5S>-5-amino-44iydroxy-2-[2-(2-tetrahydropyranyloxy)-ethyl]-7-fnethylKx:tano add 
50 methylamide was dissolved in dry dimethylformamide, and 26.8 mg of L-N-benzyloxycartx5nylnaph- 
Ihylalanyl-L-norteucine. 19.2 mg of diphenylphosphorylazide and 7.05 mg of triethylamine were added at 
-10 under stinring. The mixture was stired at the same temperature for one hour and at room 
temperature overnight. Then, 15 ml of ethyl acetate was added to the reaction solution. The ethyl acetate 
layer was washed sequentially with a 10% citric acid aqueous solution, water, a 4% sodium hydrogen- 
65 carbonate aqueous solution, water and a saturated sodium chloride aqueous solution and then dried over 
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, and the residue was 
purified by silica gel column chromatography (Kieselgel 60) by using a mixture of chloroform/methanol 
(30/1) to obtain 15 mg of (2RS,4S.5S>-5-(L-N-benzyloxycarbonylnaphthylalanyl-L-norleucyi)amino-4- 
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hydroxy-2-(2-(2-tetrahydropyranyloxy)ethyll-7-methy»-octanoic acid methylamide. 

Ri: 0.53 (silica gel plate, developer: chloroform/methanol (10/1) 
b) 15 mg of (2RS.4S,5S)-5-(L-N-ben2yloxycartKDnylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-(2- 
tetrahydropyranytoxy)ethyl]-7-fnethyl-octanoic acid methylamide was dissolved by an addition of 0.9 ml 
of methanol. 0.6ml of ethyl acetate and 0.3 ml of chlorofomn. and then 0.2 ml of IN hydrochloric acid 
was added thereto. The mixture was stirred at room temperature for 2 hours. The reaction solution was 
poured into 10 ml of water and extracted with ethyl acetate. The ethyl acetate layer was washed with 
water and a saturated sodium chloride aqueous solution and then dried over anhydrous sodium sulfate. 
The solvent was distilled off under reduced pressure, and the residue was crystallized from metha- 
nol/water to obtain 9.2 mg of (2RS.4S,5S)-5-(L-N-ben2yloxycartx)nylnaphthylalanyl-L-norleucyl)amino-4- 
hydroxy-2-(2-hydroxyethyl)-7-methyl-octanoic acid methylamide as a colorless powder. 

Ri: 0.28, 022 (silica gel plate, developer: chloroform/methanol (10/1)- 

) 

Mass spectrum: m/z 691 (M* + 1). 713 (M* + Na) 

NMR(300 MHz. CD3OD. 5 ppm): 

0.79-0.97(9H. m), 1.1-1.87(13H. m). 2.02(0.5H, m), 2^4(0.5H. m). 
2.68(3H. s). 3.38-3.95(6H. m). 4.3(1 H. m). 4.56(1 H, m). 4.95(2H, 
s). 7.11-7.4(7H, m), 7.5(1 H. m), 7.75(1 H, m), 7.86(1 H. d, J = 8Hz), 
8.2(1 H, d. J = 8Hz) 

EXAMPLE 25 

Sodium (2RS,4RS.5S)-5-(L-N-benzyloxycartx)nylnaphthylalanyl-L'norleucyl)amino-4-hydroxy-2-(2-hydrox- 
yethyl)-7-methylKx:tanoate 

a) 50 mg of ethyl 3-[(4S.5S)-3-ben2yloxycart)onyl-4-isobutyl-2,2-dimethyloxa2olidin-5-yl}-2-[2- 
tetrahydropyranyloxy)ethyt]-2-properK)ate was dissolved in 1.0 ml of ethanol and then hydrogenated in 
the presence of palladium black at room temperature under atmospheric pressure. The catalyst was 
filtered off, and the solvent was distilled off under reduced pressure to obtain 31 mg of amine as a 
colorless oily substance. 

b) 39 mg of L-N-benzyk>xycartx)nylnaphthylalanyl-L-norleucine was dissolved in 0.3 ml of dry dimethyl- 
formamide, and 16 ul of triethy lamina. 25 ul of diphenyiphosphorylazide and a solution obtained by 
dissolving 31 mg of the amine prepared in step a) in 0.4 ml of dry dimethylformamlde. were added 
thereto at -15 'C under stirring. The mixture was stirred overnight at room temperature. Then, 20 ml of 
ethyl acetate was added to the reaction mixture. The mixture was washed sequentially with a 10% citric 
add aqueous solution, water, a 4% sodium hydrogencartx)nate aqueous solution, water and a saturated 
sodium chloride aqueous solution. The ethyl acetate layer was dried over anhydrous magnesium sulfate, 
and the solvent was distilled off under reduced pressure to obtain 67 mg of a coupling compound as a 
colorless powder. 

c) 62 mg of the coupling compound was dissolved in 2.0 ml of mett^anol. and 0.22 mi of 1 N hydrochloric 
acid was added thereto. The mixture was stirred at room temperature for 2 hours. The reaction mixture 
was poured into water and extracted with ethyl acetate. The ethyl acetate layer was washed with water 
arxj a saturated sodium chloride aqueous solution and then dried over anhydrous magnesium sulfate. 
Then, the solvent was distilled off under reduced pressure, and the residue was dissolved in 0.5 ml of 
dioxane. Then, 0.2 ml of water and 50 ul of IN sodium hydroxide were added thereto, and the mixture 
was stirred ovemight at room temperature. Then, the solvent was distilled off under reduced pressure, 
and the residue was crystallized from methanol/water to obtain 23.4 mg of sodium (2RS,4S,5S)-5-(L-N- 
benzyloxycartx)nylnaphthylalanyl-L-norieucyl)amino-4-hydroxy-2-(2-hydroxyethyl>-7-methyloctanoate as a 
colorless powder. 

Rf: 0.09 (silica gel plate, developer: chloroform/methanol/acetic 

acid (10/1/0.1) 

Mass spectrum: m/z 700 (M"^ + 1) 

NMR(300 MHz, DMSO-d^. 5 ppm): 

0.76-0.92(9H, m). 1. 12-1. 77(1 3H. m). 2.03-2. 13(0.7H. m), 2.24- 
2.37(0.3H. m), 3.03-3.48(4H, m). 3.48-3.6(1 H, m). 3.66-3.84(1 H, 
m), 4.26-4.5(2H, m). 4.88(2H, s). 7.11 -8.23(1 2H) 
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EXAMPLE 26 

3- [(4S.5S)-3H3enzyloxycarbonyl-4-isobutyl*2^Klimethyloxa2ondin-5-yl>2-[2-(2-tet^^ 
propenoic acid 4-picolylamide 

96 g of 3-[(4S.5S)-3-benzyloxycarbonyl-4-isobutyI-2,2-dimethyloxazolidin-5-yl]-2-[2-(2- 
tetrahydropyrany!oxy)ethyl]-2-propenoic acid was dissolved in 0.4 ml of dry dichloromethane. and 21 ul of 

4- picolylamine, 30 mg of 1 -hydroxy benzotriazole and 45 mg of N.N'-dicycIohexylcarbodiimide were added 
thereto at 0*C under stirring. The mixture was stirred at O'C for 2 hours and then at room temperature 
overnight. Insolubles were filtered off, and 20 ml of ethyl acetate was added. The mixture was washed with 
a saturated sodium hydrogencarbonate aqueous solution. The ethyl acetate layer was dried over anhydrous 
sodium sulfate, and then the solvent was distilled off under reduced pressure. The residue was purified by 
silica gel column chromatography (2 g of Kieselgel 60) by using chlorofom/methanol (20/1) to obtain 121 
mg of 3-[(4S,5S)-3-benzyloxycarbonyl-4-isobutyl-2^-dimethyloxazoiidin-5-yl]-2-[2-(2-tetrahydropyranyIoxy>- 
ethyl]-2-propenoic acid 4-picolylamide as a colorless oily substance. 

R(: 0-36, 0.42 (silica gel plate, developer: chloroform/methanol (20/1)) 

EXAMPLE 27 

(2RS.4S,5S)-5-(L-N-benzyloxycarbonylnaphthylalanyl-L'norleucyl)amino-4-hydroxy-2-(2*hydroxy9thyl)-7- 
methyl-octanoic acid 4-pycolylamide 

a) 61 .8 mg of 3-[(4S.5S)-3-t)enzyloxycarbonyl-4-isobutyl-2,2-dimethyloxazolidin-5-yl>2-I2-(2- 
tetrahydropyranyloxy)ethyl)-2-propenoic acid 4-picolylamide was dissolved in 1.0 ml of ethanol and then 
hydrogenated in the presence of palladium black at room temperature under atmospheric pressure. The 
catalyst was filtered off. and the solvent was distilled off under reduced pressure to obtain 34 mg of 
(2RS,4S.5S)-5-amino-4-hydroxy-2-[2-(2-tetrahydropyranyloxy)ethyl]-2-propenoic acid 4-picolylamide as a 
colorless oily substance. 

Rfi 0.36 (silica gel plate, developer chlorofonm/methanol/aqueous ammonia (10/1/0.1) 

b) 28.9 of L-N-benzyloxycartx)nylnaphthylaIanyl-L-norteucine was dissolved in 0.3 ml of dry dimethylfor- 
mamide, and 13 ul of triethylamine, 20 ul of diphenylphosphorylazide and a solution prepared by 
dissolving 34 mg of (2RS.4S.5S)-5-amino-4-hydroxy-2-[2-{2-tetrahydropyranyloxy)ethylh2-propenoic add 
4-picolylamide in 0.4 ml of dry dimethylformamide, were added at -15'C under stinring. The mixture was 
stinted overnight at room temperature. Then, 20 ml of ethyl acetate was added to the reaction mixture. 
The mixture was washed sequentially with a 10% citric add aqueous solution, water, a 4% sodium 
hydrogencarttonate aqueous solution, water and a saturated sodium chloride aqueous solution. The ettiyl 
acetate layer was dried over anhydrous magnesium sulfate, and the soh^ent was distilled off under 
reduced pressure to obtain 53 mg of a coupling compound. The coupling compound was dissolved in 
1.2 ml of a mixture of methanol/ethyl acetate (5/1). and 156 ul of IN hydrochloric acid was added 
thereto. Jhe mixture was stinred at room temperature for 3 hours. The reaction mixture was poured into 
water and extracted with ethyl acetate. The ethyl acetate layer was washed with water and saturated 
sodium chloride aqueous solution and then dried over anhydrous magnesium sulfate. Then, the soh/ent 
was distilled off under reduced pressure, and the residue was purified by silica gel column chromatog- 
raphy (3 g of Kieselgel 60) by using chloroform/methanol (30/1) to obtain 8.2 mg of {2RS.4S,5S>-5-{L-N- 
l)enzyloxycarbonylnaphthylalanyl-L-norieucyl)amino-4-hydroxy-2-{2-hydroxyethyl)-7HTiethyl^^ add 
4-picolylamide as a coloHess powder. 

0-23 (silica gel plate, developer: chloroform/methanol (10/1) 

NMR(300 MHz. COaa. 5 ppm): 

0.82 (3H. t. J=7.9H2), 0.86-1. 03(6H. m), 1.1-1 .71 (13H, m), 2.58- 
2.84(1H. m). 3.3(1H, dd, J=14.2. 7.9Hz), 3.49(1H, dd. J = 14.2, 
6.3Hz). 3.64-3.81 (1H. m) 3.85-4.05(1 H, m). 4.2-4.45(1 H, m). 4.46- 
(1H, dd. J = 15.8. 6.3Hz). 4.61 (1H. dd, J =15.8, 6.3Hz). 5.0(1 H. d. 
J = 1 1 .8Hz). 5.1 1 (1 H. d. J = 1 1 .8Hz), 5.22(1 H. d. J = 1 .6Hz). 6.01 (1 H. 
bd, J = 3.9Hz). 6.22(1 H. d. J = 7.9Hz), 6.48(1 H. d. J = 7.9Hz). 7.16- 
7.59(10H. m). 7.81 (1H, d. J = 7.9Hz). 7.89(2H, d. J = 7.9Hz). 8.0(1 H. 
bt)8.52(2H, d. J = 6.3H2) 
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REFERENCE EXAMPLE 1 

(2RS,4S.5S)-5-amino-4-hydroxy-2-isopropyl-7-methyl-octanoic acid isobutylamide 

5 a) 123 mg of lithium chloride was suspended in 10 ml of dry tetrahydrofuran under an argon stream, arKi 
0.69 ml of ethyl 2-diethylphosphono-3-methylbutanoate was added under stirring. The mixture was 
stirred for 5 minutes at room temperature, and then 2.7 ml of a 20% dry tetrahydrofuran solution of 
diazabicycloundecene was added thereto. The mixture was stirred at room temperature for 10 minutes. 
Then. 2.0 ml of a dry tetrahydrofuran solution of 773 mg of (4S,5R)-3-benzyloxycarbonyl-2^-dimethyl-5- 

70 formyl-4-isobutyloxa2olidine was added thereto, and the mixture was stirred overnight at room tempera- 
ture. A precipitated inorganic salt was filtered off. and the solvent of the filtrate was distilled off under 
reduced pressure. The residue was dissolved in 300 ml of benzene and washed with 200 ml of water. 
The separated aqueous layer was extracted with 75 ml of benzene. The organic solvent layer thus 
obtained was dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced 

75 pressure, and the residue was purified by silica gel column chromatography (32 g of Kieselgel 60) by 
using a mixture of hexane/ethyl acetate (10/1) to obtain 623 mg of ethyl 3-I(4S.5S)-3-benzyloxycarbonyl- 
2.2-dimethyl-4-isobutytoxa2olidin-5-yl>2-isopropyl-2-propenoate as a colorless oily substance. 
Rf: 0.31 (silica gel plate* developer: benzene/ethyl acetate (30/1)) 

Mass spectrum: m/z 432 (M+ + 1) 

20 b) 199 mg of ethyl 3-((4S,5S)-3-t>enzyloxycartx>nyl-2,2-dimethyl-4-isobutyloxazolldin-5-yl]-2-isopropyl-2- 
propenoate was dissolved in 1.16 ml of an ethanot/water (10/1) solution of 2N potassium hydroxide, arKi 
the mixture was stirred overnight at room temperature. The mixture was cooled to 0 * C and adjusted to 
pH 2 with IN hydrochloric acid, and then 12 ml of water was added thereto. The mixture was extracted 3 
times with 10 ml of ethyl acetate. The organic solvent layer was washed sequentially with water and a 

25 saturated sodium chloride aqueous solution and then dried over anhydride sodium sulfate. Then, the 
solvent was distilled off under reduced pressure to obtain 3-[(4S.5S)-3-t)enzyloxycartxDnyl-2^-dimethyl-4- 
isobutyloxazolidin-5-yl]-2-isopropyl-2-propenoic acid as a colorless oily substance. 

Without purification, this propenoic acid was dissolved in 0.5 ml of dry dimethylformamide. and 54 ul 
of isobutylamine. 119 ul of diphenylphosphorylazide and 77 ul of triethytamine were added thereto at 

30 -10' C under stirring. Then, the mixture was stirred at -10 * C for one hour and then at room temF>erature 
overnight Then. 30 ml of ethyl acetate was added thereto. The organic solvent layer was washed 
sequentially with a 10% citric acid aqueous solution, water, a 4% sodium hydrogencarbonate aqueous 
solution, water and a saturated sodium chloride aqueous solution and then dried over anhydride 
magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the residue was 

35 purified by silica gel column chromatography (24 g of Kieselgel 60) by using a mixture of hexane/ethyl 
acetate (5/1) to obtain 108 mg (2-isomer: 74.4 mg, E-isomer: 33.6 mg) of 3-{(4S.5S)-3-benzyloxycar- 
tx)nyl-2,2-dimethyl-4-isobutyloxazolidin-5-yl]-2-isopropyl-2-propenoic acid isobutylamide. 

Rfi 0.51 , 0.57 (silica gel plate, developer: hexane/ethyl acetate (5.2)) 
c) 93 mg (Z-isomer) of 3-[(4S,5S)-3-benzyloxycarbonyl-2.2-dimethyl-4-isobutyloxazolidin-5-ylh2- 

40 isopropyl-2-propenoic acid isobutylamide was dissolved in 0.8 ml of ethanol and then hydrogenated by 
using palladium black at atmospheric pressure. The reaction mixture was subjected to filtration, the 
solvent of the filtrate was distilled off under reduced pressure to obtain 58 mg of (2RS,4S.5S)-5-amino-4- 
hydroxy-2-isopropyl-7-methyl-octanoic acid isobutylamide as a coloriess oily substance. 
Rfi 0.27 (silica gel plate, developer: chloroform/methanol/aqueous ammonia (10/0,5/0.2)) 

45 

REFERENCE EXAMPLE 2 

(2RS.4S,5S)-5-(L-N-t>enzyloxycartx)nyl-naphthylalanyl-L-norieucyl)amino-4-hydroxy-2-isopropyl-7-methyl- 
octanoic acid isotxrtylamide 

50 

58 g of (2RS.4S.5S)-&-amino-4-hydroxy-2-isopropyl-7-metfiyl-octarx)icacid isobutylamide was dissolved 
in 0.5 ml of dry dimettiylformamide, and 93 mg of L-N-benzyloxycartxwylnaphthylalanyl-L-norleucine, 52 ul 
of diphenylphosphorylazide and 34 ul of triethylamine were added thereto at -10* C under stinring. The 
mixture was stirred at -10*C for one hour and then at room temperature overnight. Water was added to the 
55 reaction solution, and precipitates were collected by filtration. A coloriess powder thus obtained was purified 
by silica gel column chromatography (10 g of Kieselgel 60) by using a mixture of chloroform/methanol 
(40/1), whereby 12.6 mg of (2R, or 2S.4S.5S)-5-(L-N-benzyloxycart>onylnaphthylalanyl-L-norieucyl)amino-4- 
hydroxy-2-isopropyl-7-methyl-octanoic add isobutylamide (Rf: 0.31). 51.8 mg of (2RS.4S.5S)-5-(L-N-ben- 
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zyloxycarbonylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-isopropyl-7-methyl-octanoic acid isobutylamide 
and 5.7 of (2S or 2R.4S,5S)-5-(L-N-benzyloxycarbonylnaphthyialanyl-L-norteucyI)amino-4-hydroxy-2- 
isopropyl-7-mGthyl-octanoic acid isobutylamide (Rf : 0^7) were obtained, respectively, as colorless pow- 
ders- 

5 Ri: 0.27. 0.31 (silica gel plate, developer: chlorofonm/methanol (20/1)) 

Mass spectrum: m/z (Rf: 0.27 substance) 732 (M+) Rf: 0.31 substance) 733 (M'' + 

1) 

NMR(300 MHz, CD3 0D, 5 ppm): 

Rf: 0.31 substance 

70 0-8-1 .0(1 8H. m). 1 .23-1 .42(7H, m). 1.45-1.88(9H, m). 2.1 3-2,26(1 H, 

m), 2.84-3.08(2H. m), 3.62-3.74(1 H. m). 3.7-3.9(1 H. m). 4.25-4.35- 
(1H. m), 4.5-4.6(1 H. m). 4,96(2H, s). 7.13-7.42(7H, m). 7.43-7,57(2H. 
m). 7.75(1 H. dd. J = 4.4, 6.0Hz). 7.86(1 H. d. J = 8.1 Hz), 8.18(1 H. d. 
J = 8.7Hz). 

75 Rf: 0.27 substance 

0.85-1.0(18H. m), 1.18-1.42(7H, m). 1,53-1.87(9H. m), 1.97-2.08(1H. 
m), 2.85-3.05(2H, m). 3.4-3.5(1H. m). 3.64-3.75{1H, m). 3.9-4.0(1 H. 
m). 4.3-4.38(1 H, m), 4.53-4.63(1 H. m), 4.95(2H, s). 7.1 5-7.41 (7H, m). 
7.43-7.57(2H. m). 7.75(1 H, dd. J =2.1. 7.3Hz). 7.85(1 H, d. J = 8.1 Hz), 
20 8.19(1 H, d. J = 8.6Hz) 

Among the compounds of the present invention, those represented by the formula I have strong renin- 
inhi biting activities against a renin-angiotensin hypertensive system and thus expected to be useful as 
curing agents of hypertension due to the progress of the renin-angiotension system. Further, the com- 
pounds represented by the formula III and IV and the process using them are useful for the efficient 
25 production of the compounds having the renin-inhibitint activities. 

Claims 

1. A 5-substituted amino-4-hydroxy-pentanoic acid derivative having the fonmula: 

30 
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R LfNH-CH'CO ) ^ ( b m-CH-CO^N-CH-CH-CH^-CH-CO-R'^ 



(I) 



wherein R^ is a hydrogen atom, a lower alkoxycartx)nyl group, an aryloxycartx)nyl group, an aralkylox- 
40 ycarlx)nyl group or a lower alkanoyi group which may be substituted by from one to three substituents 
selected from the group consisting of an amino group, a hydroxyl group, a cartwxyl group, an aryloxy 
group, an aralkyloxycarbonylamino group, a lower alkoxycarbonylamino group and a 



45 



N-CO- 



50 group wherein each of and which may be the same or different is a hydrogen atom, a lower alkyi 
group, an aryl group or an aralkyi group, or and form together with the adjacent nitrogen atom a 
5- or 6-membered heterocyclic group which may further contain a hetero atom selected from tfie group 
consisting of a nitrogen atom, an oxygen atom and a sulfur atom and which may further contain a 
double tXKid in its cartxjn chain, each of R^, R3 and R^ which may be the same or different is a 

55 hydrogen atom, a lower aJkyI group or a residue of an acidic, neutral or basic amino acid. R^ is a 
hydrogen atom or a lower alkyI group, R^ is a lower alkyl. cycloalkyl. cyctoalkylalkyi or aralkyi group 
which is substituted by one or two hydroxyl groups, R^ is a hydroxyl group, a -OY group wherein Y is a 
lower alkyI group, an aryl group, an aralkyi group, a lower alkoxyalkyi group, a lower alkanoyloxyalkyi 
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group, a lower alkoxycarbonyloxyalkyi group or a 1-phthalidyl group or a 

/ 

-N 

\,2 



group wherein each of and which may be the same or different is a hydrogen atom, a lower alkyl 
10 group, an aryl group, an aralkyi group or a cycloalkyi group, or and form together with the 
adjacent nitrogen atom a 5- or 6-membered heterocyclic group which may further contain a hetero 
atom selected from the group consisting of a nitrogen atom, an oxygen atom and a sulfur atom, and 
each of n and m which may be the same or different is 0 or 1 . 

15 2. The pentanoic acid derivative according to Claim 1, which is (2RS,4S,5S)-5-(L-N-benzyloxycart)onyi- 
naphthyl alanyl-L-norleucyI)amino-4-hydroxy-2-(3-hydroxypropyl)-7-methyl-octanoic add isobutylamide. 
(2RS.4S.5S)-5-(L-N-ben2yloxycartMDnylnaphthylalanyl-L-norteucyl)amino-44iydroxy-2-<2-hydroxyethy 
methyl-octanoic acid isobutylamide. (2RS.4S,5S)-5-(L-N-ben2yloxycart)onylnaphthylalanyl-L-norleucyl)- 
amino-4-hydroxy-2-(2,3-dihydroxypropyl)-7-methyloctanoic acid isobutylamide. (2RS.4S,5S)-5-(L-N- 

20 phenoxyacetylphenylalanyl-L-histidyl)amino-4-hydroxy-2-(3-hydroxypropyl)-7-methyl-octanoic acid 
isobutylamide, (2RS,4S,5S>-5-{L-N-benzyloxycartx)nylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2- 
hydroxypropyl)-7-methyl octanoic acid isobutylamide, {2RS,4S,5S>-5-(L-naphthylalanyl-L-norleucyl)- 
amino-4-hydroxy-2-(3-hydroxypropyl)-7-methyl-octanoic acid isobutylamide, (2RS,4S.5S)-5-(L-naph- 
thylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxyethyl)-7-methyl-octanoic acid isobutylamide, 

25 (2RS,4S,5S)-5-(L-naphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2.3<lihydroxypropyl)-7-methyl-octafK>ic 
acid isobutylamide, (2RS,4S.5S)-5-(L-naphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxypropyl)- 
7-methyl-octanoic acid isobutylamide, (2RS.4S.5S)-5-(L-N-methylnaphthylalanyl-L-norieucyl)amino-4- 
hydroxy-2-(2-hydroxypropyl)-7-methyl-octanoic acid isobutylamide, {2RS,4S.5S)-5-(L-N-ben2yloxycar- 
bonyl naphthylalanyl-L-norleucyl)amtno-4-hydroxy-2-(2-hydroxyethyl)-7-methyl-octanoic acid 

30 methylamide. or (2RS.4S.5S)-5-(L-N-ben2ytoxycartx)nyl naphthylalanyl-L-norleucyl)amino-4-hydroxy-2- 
{2-hydroxyetyl)-7-methyl-octanoic acid 4-picolylamide 

3. A process for producing a 5-substituted amino-4-hydroxy-pentanoic acid derivative having the formula: 

.4 
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R 

R^NH-a!-C0fj^NH-CH-C04^N-CH-CH-CH^^^ ( I ) 

[2 b r5 oh 




wherein R^ is a hydrogen atom, a tower alkoxycarlxxiyl group, an arytoxycartwnyl group, an aralkylox- 
ycartjonyl group or a tower alkanoyi group which may be substituted by from one to three substituents 
45 selected from the group consisting of an amino group, a hydroxy! group, a cartx)xyl group, an aryloxy 
group, an aralkyloxycarbonylamino group, a lower alkoxycartwnylamino group and a 



50 



group wherein each of and which may be the same or different is a hydrogen atom, a lower alkyl 
55 group, an aryl group or an aralkyi group, or X* and X^ form together with the adjacent nitrogen atom a 
5- or 6-membered heterocyclic group which may further contain a hetero atom selected from the group 
consisting of a nitrogen atom, an oxygen atom and a sulfur atom and which may further contain a 
double bond in its cartxin chain, each of R^, R^ and R^ which may be the same or different is a 
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hydrogen atom, a lower alkyl group or a residue of an acidic, neutral or basic amino acid, R* is a 
hydrogen atom or a lower alkyl group. is a lower alkyl. cycloalkyi, cycloalkylalkyi or aralkyi group 
which is substituted by one or two hydroxyl groups, is a hydroxyl group, a -OY group wherein Y is a 
lower alkyl group, an aryl group, an aralkyi group, a tower alkoxyalkyi group, a lower alkanoyloxyalkyi 
group, a lower alkoxycarbonyloxyalkyi group or a 1-phthalidyl group or a 



-N 



group wherein each of Y^ and Y^ which may be the same or different is a hydrogen atom, a lower alkyl 
group, an aryl group, and aralkyi group or a cycloalkyi group, or Y^ and Y^ form together with the 
adjacent nitrogen atom a 5- or 6-membered heterocyclic group which may further contain a hetero 
atom selected from the group consisting of a nitrogen atom, an oxygen atom and a sulfur atom, and 
each of n and m which may be the same or different is 0 or 1. which comprises reducing in an inert 
solvent a 5-substltuted amino-4-hydroxy-pentenoic acid having the formula: 



R^_UlH-CH-CO ^— 4NH-CH-C0^— N--CH-CH-CH=C-CO-R^ ( II ) 



wherein m. n, R\ R^ R3, R*, RS, R^ and R^ are as defined above. 

4. A hypotensive drug comprising an effective amount of a 5-substituted amino-4-hydroxy-pentanoic add 
derivative of the formula I as defined in Claim 1 and a pharmaceutically acceptable carrier. 

Patentanspriiche 

1. 5-substituiertes Amino-4-hydroxypentansaurederivat der Formel: 



rI^NH-CH-CO ) ^ ( NH-CH-^CO-f— N-CH-CH-CH^-CH-CO-r"^ 

worin R^ ein Wasserstoffatom, eine niedere Alkoxycartwnylgruppe, eine Aryloxycarbonylgruppe, etne 
Aralkyloxycarbonylgruppe oder eine niedere Alkanoylgruppe ist. die durch 1 bis 3 Substituenten 
substituiert sein kann. ausgewahit aus der Gruppe bestehend aus einer Aminogruppe, einer Hydroxyl- 
gruppe. einer Carboxylgruppe, einer Arytoxygruppe, einer Aralkyloxycarbonylaminogruppe. einer niede- 
ren Alkoxycarbonylaminogruppe und einer 



\ 

N-CO-Gruppe 

/ 

X2 



worin jedes von und X^. die gleich Oder verschieden sein konnen. ein Wasserstoffatom. eine niedere 
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Alkylgruppe. eine Arylgruppe oder eine Aralkylgruppe ist Oder und zusammen mit dem 
benachbarten Stickstottatom eine 5- Oder 6-gliedrige heterocyclische Gruppe bilden. die weiter ein 
Heteroatom enthalten kann, ausgewahit aus der Gruppe bestehend aus ernem Stickstoffatom, einem 
Sauerstoffatom und einem Schwefelatom, und die weiter eine Doppelbindung in ihrer Kohlenstoffkette 
enthalten kann. jedes von R^, R3 und R^, die gleich oder verschieden sein konnen. ein Wasserstoff- 
atom, eine niedere Alkylgruppe oder ein Rest einer sauren, neutralen oder basischen Aminosaure ist 
R* ein Wasserstoffatom oder eine niedere Alkylgruppe ist, R^ eine niedere Alkyl-, CycloalkyK 
CycloalkylalkyI- oder Aralkylgruppe ist die substituiert sein kann durch ein Oder zwei Hydroxylgruppen. 
R' eine Hydroxy Igruppe, eine -OY-Gruppe, worin Y eine niedere Alkylgruppe. eine Arylgruppe, eine 
Ararylgruppe, eine niedere Alkoxyalkylgruppe. eine niedere Alkanoyloxyalkyigruppe. erne niedere 
Alkoxycarbonyloxyalkylgruppe oder eine 1-Phthalidylgruppe oder eine 



y1 

/ 

-N -Gruppe 
\ 

y2 



ist, worin jedes von Y^ und Y^. die gleich Oder verschieden sein konnen, ein Wasserstoffatom, eine 
niedere Alkylgruppe, eine Arylgruppe. eine Aralkylgruppe oder eine Cycloalkylgruppe ist oder Y^ und 
Y2 zusammen mit dem benachbarten Stickstoffatom eine 5- Oder 6-gliedrige heterocyciische Gruppe 
bilden, die weiter ein Heteroatom enthalten kann, ausgewahit aus der Gruppe bestehend aus einem 
Stickstoffatom, einem Sauerstoffatom und einem Schwefelatom, und jedes von n und m, die gleich oder 
verschieden sein konnen, 0 Oder 1 ist. 



Pentansaurederivat nach Anspruch 1, das (2RS,4S,5S)-5-(L-N-Benzyloxycarbonylnaphthyl-alanyl-L-nor- 
leucyl)amino-4-hydroxy-2-(3-hydroxypropyl)-7-nDethyl-octansaureisobutylamid, (2RS.4S,5S)-5-(L-N-Ben- 
zyloxycarbonylnaphthylalanyl-L-norleucyl)amirio-4-hydroxy-2-{2-hydroxyethyl)-7-methyl-octansaureiso- 
butylamid, (2RS,4S,5S>-5-(L-N-Benzyloxycarbonylnaphthylalanyl-L-norteucyl)amino-4-hydroxy-2-{2.3- 
dihydroxypropyl)-7-methyl-octansaureis o-butylamid. (2RS.4S.5S)-5-(L-N-Phenacetylphenylalany»-L-hi- 
stidyl)amino-4-hydroxy-2-(3-hydroxypropyl)-7-methyl-octansaureisobutylamid, (2RS,4S,5S)-5-{L-N-Ben- 
zyloxy-cartx)nylnaphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxypropyl)-7-methyl- 
octansaureisobutylamid. (2RS.4S.5S)-5-(L-Naphthylalanyl-L-norleucyl)amino-4-hydroxy-2-(3-hydroxypro- 
pyl)-7-methylK)ctansaureisobutyJamid, (2RS,4S,5S)-5-(L-NaphthylalanyhL-norleucyl)amino-4-hydroxy-2- 
(2-hydroxyethyl)-7-mettiyl-octansaureisobutylamid, (2RS,4S,5S)-5-(L-Naphthylalanyl-L-norleucyl)amino- 
4-hydroxy-2-<2,3-dihydroxypropyl)-7-methyl-octansaureisobutylamid, (2RS.4S,5S)-5-(L-Naphthylalanyl-L- 
norteucyl)amino-4-hydroxy-2-(2-hydroxypropyl)-7-methyK»ctansaureisobutylamyid. (2RS.4S.5S)-5-(L-N- 
MethylnaphthylaIanyl-L-norleucyl)amino-4-hydroxy-2-(2-hydroxypropyl>-7-methyl- 
octansaureisobutylamid, (2RS.4S,5S>-5-(l--N-Ben2ytoxycartwnylnaphthylalanyi-L-norteucyl)amino-4-hy- 
droxy-2-(2-hydroxyethyl)-7-methyl-octansauremethylamid Oder (2RS,4S,5S)-5-<L-N-Ben2yloxycartX)nyl- 
naphthylalanyl-L-norieucyl)amino-4-hydroxy-2-<3-hydroxyethyl)-7-fnettiyl<K:tansa 

Verfahren zum Herstellen eines 5-substituterten Amino-44iydroxypentansaurederivats der Forme! : 

1 I t 

2 3 ' 5 ' ' 6 

R^ R^ OH R° 



worin R' ein Wasserstoffatom, eine niedere Alkoxycartjony Igruppe, eine Aryloxycarbony Igruppe, eine 
Araikyloxycartwnylgruppe oder eine niedere Alkanoylgruppe ist. die durch 1 bis 3 Substituenten 
substituiert sein kann, ausgewahit aus der Gruppe bestehend aus einer Aminogruppe. einer Hydroxy I- 
gruppe. einer Cart>oxylgruppe, einer Aryloxygruppe, einer Aralkyloxycarbonylaminogruppe, einer niede- 
ren Alkoxycarbonylaminogruppe und einer 
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\ 

N-CO-Gruppe 

/ 

X2 



worin jedes von X* und X^, die gieich oder verschieden sein konnen, ein Wasserstoffatom, eine niedere 
Alkylgruppe. eine Arylgruppe oder eine Aralkylgruppe ist Oder und X^ zusammen mit dem 
benachbarten Stickstoffatom eine 5- oder 6-gliedrige heterocyclische Gruppe bilden, die weiler ein 
Heteroatom enthalten kann, ausgewahit aus der Gruppe bestehend aus einem Stickstoffatom, einem 
Sauerstoffatom und einem Schwefelatom, und die weiter eine Doppelbindung in ihrer Kohlenstoffkette 
enthalten kann. jedes von R^, und R^, die gieich oder verschieden sein konnen, ein Wasserstoff- 
atom. eir>e niedere Alkylgruppe oder ein Rest einer sauren. neutralen oder basischen Aminosaure ist. 
R* ein Wasserstoffatom oder eine niedere Alkylgruppe ist R^ eine niedere AlkyI-, Cycloalky!-, 
Cycloalkylalkyl- oder Aralkylgruppe ist. die substituiert sein kann durch ein oder zwei Hydroxylgruppen. 
R' eine Hydroxylgruppe, eine -OY-Gruppe, worin Y eine niedere Alkylgruppe, eine Arylgruppe, eine 
Aralkylgruppe, eine niedere Alkoxyalkylgruppe, eine niedere Alkanoyloxyalkylgruppe. eine niedere 
Atkoxycart>onyloxyalkylgruppe oder eine 1-Phthaiidylgruppe oder eine 

y1 

/ 

-N -Gruppe 
\ 

y2 



ist, worin jedes von V und Y^, die gieich oder verschieden sein konnen, ein Wasserstoffatom, eine 
niedere Alkylgruppe. eine niedere Arylgruppe, eine Aralkylgruppe oder eine Cycloalkylgruppe ist oder 
Y^ und Y^ zusammen mit dem benachbarten Stickstoffatom eine 5- oder 6-gliedrige heterocyclische 
Gruppe bilden. die weiter ein Heteroatom enthalten kann. ausgewahtt aus der Gruppe bestehend aus 
einem Stickstoffatom. einem Sauerstoffatom und einem Schwefelatom, urxJ jedes von n und m, die 
gieich oder verschieden sein konnen. 0 oder 1 ist umfassend das Reduzieren einer 5-substituierten 
Amino-4-hydroxypentensSure der Formel: 

rL^nh-CH-CO) tNH-CH-C04^— CH-CH-CH^C-CO-R^ (II) 



worin m. n. R\ R^, R3. R*, R?^ rc und R' die oben genannte Bedeutung haben. in einem inerten 
Losungsmittel. 

Blutdruck senkendes Arzneimittel, umfassend eine wirksame Menge einer 5-substituierten Amino-4- 
hydroxypentansaurederivats der Formel I, wie in Anspruch 1 definiert und einen pharmazeutisch 
akzeptablen Trager. 
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Revendications 

1. Derive d'acide 5-(amino substitue)-4-hydroxypentano'fc|ue. ayant la formula : 

2. 

I 7 
r:l4nK-CH-CO^ ^bTH-CH-CC-f— N-CH-CH-Ch- -CH-CO-R ( I ) 

R-^ R^ R^ OK R^ 



dans laquelle : 

- est un atome d*hydrogene, un groupe alcoxycarbonyle inferieur. un groupe aryloxycarbonyle. 
un groupe aralkyloxycarbonyle ou un groupe alcanoyle inferieur qui peut etre substitu6 par un a 
trois substituants choisis dans le groupe constitue par un groupe annino, un groupe hydroxy ie, un 
groupe carboxyle. un groupe aryloxy, un groupe aralkyloxycarbonylamino, un groupe alcoxycar- 
bonylamino inferieur et un groupe 

\ 




dans lequel chacun parmi et X^. qui peuvent etre identiques ou differents, represente un atome 
d'hydrogene. un groupe alkyle inferieur. un groupe aryle ou un groupe aralkyle, ou bien et X^ 
forment. conjointement avec Tatome d'azote adjacent, un groupe heterocy clique a 5 ou 6 
chalions, qui peut encore contenir un h^teroatome choisi dans le groupe constitu6 par un atome 
d'azote. un atome d'oxyg^ne et un atome de soufre et qui peut encore contenir une double 
liaison dans sa chaihe carbon^e ; 

- chacun pamni R^, R^ et R^, qui peuvent §tre identiques ou differents, represente un atome 
d'hydrogene. un groupe alkyle inferieur ou un residu d'un acide amine acide, neutre ou basique ; 

- R* est un atome d'hydrogene ou un groupe alkyle inferieur ; 

- R^ est un groupe alkyle inferieur. cycloalkyle. cycloalkylalkyle ou aralkyle, qui est substitu§ par 
un ou deuD( groupes hydroxyle ; 

- R' est un groupe hydroxyle, un gn^upe -OY, dans lequel Y est un groupe alkyle inferieur, un 
groupe aryle, un groupe aralkyle, un groupe (alcoxy lnferieur)-alkyle, un groupe (atcanoyi 
inf6rieur)-oxyalkyle, un groupe (alcoxy inf6rieur)-cartx)nyloxyalkyle ou un groupe 1-phtalidyle ou 
un groupe 



y1 

/ 




9 



dans lequel chacun parmi Y' et Y^, qui peuvent §tre identiques ou differents. represente un atome 
d'hydrogene, un groupe alkyle inferieur, un groupe aryle, un groupe aralkyle ou un groupe 
cycloalkyle, ou bien Y^ et Y^ fonment. conjointement avec I'atome d'azote adjacent, un groupe 
h^terocyclique it 5 ou 6 chaTnons, qui peut erKore contenir un heteroatome choisi dans le groupe 
constitu^ par un atome d'azote, un atome d'oxygene et un atome de soufre ; et 
- chacun parmi n et m, lesquels peuvent etre identiques ou differents, represente 0 ou 1 . 

2. Derive d'acide pentano Mque selon la revendicatton 1 , qui est : 
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. I'isobutylamide de I'acide (2RS, 4S. 5S)-5-(L-N-ben2yloxycarbonylnaphtylalanyl-L-norleucyl)- 

amino-4-hydroxy-2-{3-hydroxypropyl>-7-methyl-octanoVque ; 
. risobutylamrde de I'acide {2RS, 4S, 5S)-5-(L-N-ben2yloxycarbonylnaphtylalanyl-L-norleucyl)- 

amino-4-hydroxy-2-(2-hydroxyethyl)-7-methyl-octanoVque ; 
. I'isobutylamide de I'acide (2RS, 4S, 5S)-5-(L-N-ben2yloxycarbcnylnaphtylaIanyl-L-norleucyl>- 

am ino-4-hydroxy-2-{2,3-di hydroxy propyl)-7-methyl-octano que ; 
. I'isobutylamide de I'acide (2RS, 4S, 5S)-5-(L-N-ph§noxyac^tylph^nylalanyJ-L-histidyl)amino-4-hy- 

droxy-2-(3-hydroxypropyl)-7-methyI-octanoVque ; 

I'isobutylamide de Taclde (2RS, 4S, 5S)-5-(L-N-benzyk)xycarbonylnaphtylaianyl-L-norleucyl)- 
amino-4-hydroxy-2-(2-hydroxypropyl)-7-m6thyl-octano*ique ; 

I'isobutylamide de I'acide (2RS, 4S. 5S)-5-(L-naphtylalanyl-L-norleucyl)amino-4-hydroxy-2-(3-hy- 

droxypropyl>-7-m6thyl-octanoVque ; 
. I'isobutylamide de Tacide (2RS. 4S, 5S)-5-(L-naphtylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hy- 

droxyethyi)-7-methyl-octano'ique : 
. I'isobutylamide de Tacide (2RS. 4S. 5S)-5-(L-naphtylalanyl-L-norieucyl)amino-4-hydroxy-2-(2.3- 

dihydroxypropyl)-7-mettiyl-octano*ique ; 
. I'isobutylamide de I'acide (2RS. 4S. 5S)-5-(L-naphtylalanyl-L-norleucyl)amino-4-hydroxy-2-(2-hy- 

droxypropyl>-7-m6thyl-octanoVque ; 
. I'isobutylamide de I'acide (2RS. 4S, 5S)-5-{L-N-methylnaphtylalanyI-L-norleucyl)amino-4-hydroxy- 

2-(2-hydroxypropyl)-7-mettiyl-octano1que; 
, Is methylamide de Tacide (2RS. 4S. 5S)-5-(L-N-benzyloxycarbonylnaphtylalanyl-L-norleucyl>- 

amino-4-hydroxy-2-(2-hydroxyethyl)-7-methyl-octanoTque ; ou 
. le 4-picolylamide de Taclde (2RS, 4S. 5S)-5-(L-N-ben2yloxycarbonylnaphtylalanyl-L-norleucyl>- 

amino-4-hydroxy2-(2-hydroxy^thyl)-7-methyl-octanoVque. 

Precede de fabrication d'un derive d'acide 5-(amino substitue)-4-hydroxy-pentanoK:iue, ayant la formu- 

le: 




dans laquelle : 

- R' est un atome d'hydrogene, un groupe alcoxycarbonyle inferieur, un groups aryloxycartxinyle, 
un groupe aralkyloxycartx^nyle ou un groupe alcanoyle inferieur qui peut etre substftu^ par un a 
trois substituants choisis dans le groupe constitu^ par un groupe amino, un groupe hydroxyle. un 
groupe cartx)xyle, un groupe aryloxy, un groupe aralkyloxycartjonylamino. un groupe alcoxycar- 
bonytamino inferieur et un groupe 



\ 

N-CO-, 



dans lequel chacun parmi et X^, qui peuvent etre identiques ou diff§rents, repr^sente un atome 
d'hydrogene. un groupe alkyle Inferieur. un groupe aryte ou un groupe aralkyle, ou bien et 
ferment conjointement avec I'atome d'azote adjacent un groupe h^t^rocyclique ^ 5 ou 6 
chaTnons, qui peut encore contenir un het^roatome choisi dans le groupe constitu^ par un atome 
d'azote, un atome d'oxygene et un atome de soufre et qui peut encore contenir une double 
liaison dans sa chaTne cartxsnee ; 

- chacun parmi R^. R^ et R^. qui peuvent §tre identiques ou differents» represente un atome 
d'hydrogene, un groupe atkyle inferieur ou un r^sidu d'un aclde amini aclde, neutre ou basique : 

- R* est un atome d'hydrog^ne ou un groupe alkyle inferieur ; 
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- est un groupe alkyle inferieur, cycloalkyle cycloalkylalkyle ou aralkyle, qui est substitue par un 
ou deux groupes hydroxyle ; 

- est un groupe hydroxyle, un groupe -OY dans lequel Y est un groupe alkyle inferieur. un 
groupe aryte, un groupe aralkyle, un groupe (alcoxy inferieur)-alkyle, un groupe (alcanoyi 
inferieur)-oxyalkyle, un groupe (alcoxy inferieur)-carbonyloxy alkyle ou un groupe l-phtalidyle ou 
un groupe 




dans lequel chacun parmi Y^ et Y^, qui peuvent etre identiques ou differents, represente un atome 
d'hydrogene, un groupe alkyle inferieur, un groupe aryle. un groupe aralkyle ou un groupe 
cycloalkyle. ou bien Y^ et Y^ torment, conjointement avec Tatome d'azote adjacent, un groupe 
h^t^rocyclique a 5 ou 6 chaTnons, qui peut encore contenir un heteroatome choisi dans !e groupe 
constitue par un atome d'azote, un atome d'oxygene et un atome de soufre ; et 
- chacun parmi n et m, lesquels peuvent etre Identiques ou differents, represente 0 ou 1 . 

qui comprend la reduction, dans un solvant inerte. d*un acide 5-(amino substitue)-4-hydroxy-pentenoV- 

que, ayant la formule : 



->c-co-r' (II) 

is 

dans iaquelle m. n. H\ R^, R3, R*. Rs, RS et R^ sont tels que definis ci-dessus. 

Medicament hypotenseur comprenant inne quantite efficace d'un derive d'acide 5-(amino substitu6)-4- 
hydroxy-pentanoTque represente par la formule (I) telle que d^finie a la revendication 1 et un support 
pharmaceutiquement acceptable. 



R -4NK-C:-:-C0 ) t-NK-CK-CO^TT-N • 

1 

R" OE 



n ■ I . n 
.2 h LS 
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